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ARMAS SECRET WEAPON 


Bug hunting... failure testing . . . safety factors 
... flight testing—none of these traditional reli- 
ability concepts is sufficient to insure maximum 
performance of missile guidance systems. 


We use them all at Arma—but the designer’s 


pencil is our “secret weapon.” For true reli- 
ability must originate at the design stage—and 
then be implemented by a full-scale quality 
control and reliability program. ARMA... 
Garden City, N. Y. A division of American 


Bosch Arma Corporation. 4921 


AMERICAN BOSCH ARMA CORPORATION 


4 
4 
« 
* 


aloft, equipped with the | 
scientific detection equip 


TO YOU: 


or? fe, 


ee 
° fee 


{Why not see if this kind of know-how can 
2s sefve you? You are invited to write to — 


* 


AG 
TAR 
“ay a” 
\ 
Plants in Akron, Ohio, and Litchfield Park, Arizona. Inflatoplane - T. M. Goodyear Aircraft Corporation, Akron 18, Ohio 


April,1958 / 1 


XUM 


flybas k,”’ or for tactical liaison. 4 
Here is a reliable aircraft 
which fits into the baggage — 
TO THE 
| LARGEST: 
___AEW and ASW Airships. 
a sing the largest radar antennas 
U.S. NAVY latest. 
tecord for powered flight 
ut refueling, possessing 
| unique all-weather night 
\ if 
Ye 
AR 
6 
INFLATABLE AIRCRAFT-ONE OF THE PRIME a OF 


PUBLICATION STA 


Managing Editor: Rita J. Turino 
Associate Editor: Allan Bernhardt W.R. Sears @ 


Reviews Editor: Irene W. Bogolubsky 
Book Reviews Editor: John J. Glennon 
Editorial Assistants: Helen S. Goldman 


Editor: Welman A. Shrader TECHNICAL ADVISERS 
Robert R. Dexter e S. Paul Johnston 


News Editor: Louis F. Slee BUSINESS STAFF 


Advertising Manager: 
Business & Production Manager: Hugh C. Judge 


Nancy G. Worssan Assistant Production Mgr.: D. C. Lombardi 


Joseph P. Ryan 


Aircraft Design, Structures, & Materials 


A. Francis Arcier Alexander Kartveli 
Wellwood E. Beall Kendall Perkins 
William B. Bergen Richard L. Schleicher 
Fred N. Dickerman Edgar Schmued 
Robert L. Hall Igor |. Sikorsky 
Edward H. Heinemann Ernest G. Stout 
Harold D. Hoekstra Kirby F. Thornton 

C. L. Johnson Walter Tydon 


Flight Propulsion 


George W. Brady W. G. Lundquist 
Dimitrius Gerdan Abe Silverstein 
Leonard S. Hobbs Philip B. Taylor 

R. P. Kroon E. S. Thompson 
Everard M. Lester Raymond W. Young 

Instruments 

Preston R. Bassett Frank R. Cook 
Victor E. Carbonara Richard M. Mock 
Charles H. Colvin Walter H. Skidmore 


R. C. Sylvander 


EDITORIAL ADVISORY 


COMMITTEES 


Air Transport & Operations 


Charles Froesch 

J. A. Herlihy 

John C. Leslie 
William Littlewood 
R. W. Rummel 

R. Dixon Speas 


Electronics 


K. C. Black 

Bruce G. Eaton, Jr. 
Richard B. Hubbard 
David S. Little 
Frank Mansur 

John Margosian 

P. C. Sandretto 


Specialties 


Robert J. Benford, M.D. 
Melvin N. Gough 


Jerome Lederer 


SUBSCRIPTION RATES 


August 24, 1912 
Publication Office: 20th & Northampton Streets, Easton, Pa 


actual change of address. * 


Institute. 


Aeronautical Engineering Review: United States and possessions, 1 year, $5.00; single copies, $0.50. Foreign countries including Canada 
(American Currency Rates), 1 year, $6.00; single copies, $0.50 
Second-Class Mail Privileges Authorized at Easton, Penna. Acceptance for mailing at a Special Rate of Postage as provided for in the Act of 


Editorial Office: 2 East 64th Street, New York 21, N.Y. Notices of change of address should be sent to the Institute at least 30 days prior to 


Statements and opinions expressed in the Aeronautical Engineering Review are to be understood as individual expressions and not those of the 


© Copyright, 1958, by the Institute of the Aeronautical Sciences, Inc. 


2 / Aeronautical Engineering Review 


——| 
at! 


VEE W 


Vol. 17—No. 4 April, 1958 
c oN T ENT S 
Interrelations of Space Medicine With Other Fields of Science.......... 
| The Development of Satisfactory Spin Characteristics for the T-37..... 
Propulsion Systems for Space Flight...................R. B. Dillaway 42 
Laboratory Pressure Measurement Requirements for Evaluating the 
Report of Technical Sessions—26th Annual Meeting, IAS.......... 
Guest Editorial by Personnel Opportunities...................... 121 
poecal IAS Publications..................... 29 New Products and Product Literature.......... 125 


Cover—A recent launching of the Atlas ICBM is shown in these first 
sequence photos released by the Air Force. In the sequence on the 
left two incandescent jets from the rocket engines become visible as the 
Atlas climbs clear of its wake. The expendable launcher tubing on pad 
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When you’re looking 
for something special 


The atomic structure of a special steel has a great deal 
to do with its specific properties in service . . . how 
well one steel will meet the need for high strength 
and heat resistance in a jet plane for example... 
how completely other steels will supply corrosion 
resistance, wear resistance, improved magnetic prop- 
erties, or other desired qualities. 


That’s why our development of special steels, and 
such special-property metals as titanium and zir- 
conium, starts at the atom. But it continues with the 
equally important job of supplying you with your 
required material in every shape, form, size or quantity 
needed to take the brakes off your design and pro- 
duction plans. 

Think of Allegheny Ludlum first—both for any new 
development you may need, and for top quality in 
your steady-running supply of stainless, tool or 
electrical steels. Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pennsylvania. 


ALLEGHENY LUDLUM 


PIONEERING on the Horizons of Steel 


Warehouse stocks carried by all Ryerson steel plants 
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Stainless and high-temperature, electrical and tool steels; magnetic materials and sintered carbides 
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THE IAS has begun publication of a NEWSLETTER for 
its more than 4,000 Student Members. Designed to 
provide 73 Student Branches with their own source of 
IAS news, the NEWSLETTER will give each student a 
close link to activities in his chosen career. Provid- 
ing an open forum for the interchange of information, 
the NEWSLETTER is another indication of strong and 
continued interest by the IAS in Aeronautical Engineers 
of the future. 


April 1958 


First issue cover is illustrated here. 


NATIONAL MEETINGS CALENDAR 


Second Annual Air Force Office of Scientific Research Astronautics 
Symposium, Shirley-Savoy. Hotel, Denver, Col. Sponsored by IAS. 
National Midwestern Meeting on Guided Missiles (CLASSIFIED), 
Hotel Chase, St. Louis, Mo. 

National Conference on Aeronautical Electronics, Dayton, Ohio. 
IRE-IAS participating. 

National Telemetering Conference, Lord Baltimore Hotel, Balti- 
more, Md. Sponsored by IAS, ARS, ISA, and AIEE, 

1958 Heat Transfer and Fluid Mechanics Institute, University of 
California, Berkeley, Cosponsored by IAS. 

National Summer Meeting, Ambassador Hotel, Los Angeles, Calif. 
First International Congress, International Council of the Aero- 
nautical Sciences, Palace Hotel, Madrid, Spain. 

Canadian Aeronautical Institute-IAS 1958 Joint Meeting, Chateau 
Laurier, Ottawa, Canada. 

Wright Brothers Lecture, Washington, D. C. 


Twenty-Seventh Annual Meeting, Sheraton-Astor Hotel,New York. 
Honors Night Dinner, Tuesday, January 27. 


REGIONAL STUDENT CONFERENCES 


Southeastern: Atlanta, Georgia. Sponsored by Atlanta Section. 
St. Louis: St. Louis, Mo. Sponsored by St. Louis Section, 
Texas: Dallas, Texas. Sponsored by Texas Section, 
Middle-Atlantic: Pennsylvania State University, University Park. 
Pennsylvania. 

Detroit: University of Michigan, Ann Arbor, Michigan. Sponsored 
by Detroit Section. 

West Coast: Los Angeles, California. Sponsored by Los Angeles 
Section. 
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ELEC TRONICS-NAVIGATION-GUIDANCE-CONTROL! These important fields 
will get full coverage in the Technical Articles Section of next month's REVIEW. 
Each contribution, prepared by invitation, will appear exclusively. 
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SEC TION MEETINGS CALENDAR 


Los Angeles Section: Specialist Meeting, IAS Building, 7:30 p.m. 


“Compressible Turbulent Boundary Layer with Heat Transfer ''by 
Eli Reshotko. 

San Antonio Section: Dinner Meeting, Ft. Sam Houston Officers Club, 
(social at 6:30, dinner at 7:30). ''Forms of Energy Available to Man" 
by John J. Grebe. 

Washington Section: Dinner Meeting, Occidental Restaurant, (social 
at 6,dinner at 6:45). ''Missile and Spacecraft Electronics" by George 
S. Valley. 

Tulsa Section: Dinner Meeting, Alvin Plaza Hotel, (social at 6:15, 
dinner at 7). ''Why Jet Transports?" by Marvin Whitlock. 
Baltimore Section: Dinner Meeting, Aberdeen Officers Club, (social 
at 6, dinner at 7). ''The Army and Ballistic Missiles" by Major Gen- 
eral John B. Medaris. 

Indianapolis Section: Dinner Meeting, Purdue Memorial Union, 7 
p.m. "The Real Time Simulation of Turbojet and Turboprop Engines 
and Controls" by D. L. Dresser. 

San Diego Section: Technical Meeting, IAS Building, 8 p.m. "Appli- 
cation of Pre-Stressed Ceramics toHigh Speed Flight'"' by W. Knapp. 
Los Angeles Section: Dinner Meeting, LAS Building, time to be an- 
nounced. "Los Angeles International Airport Prepares for the Jet 
Age" by Don Belding and Donald Wilcox. 

San Francisco Section; Dinner Meeting, Ramor Oaks Restaurant, 
(social at 6:30, dinner at 7). ''The Atmosphere in Missile Design 
and Operation"' by George F. Taylor. 

Rocky Mountain Section: Dinner Meeting, Lowry AFB Officers Club, 
(social at 6:30, buffet at 7). "Engineering Curriculum of the Air 
Force Academy" by Lt. Col. G. C. Clementson, and ''Facilities at 
the Air Force Academy" by Capt. J. R. Plitt. 

Los Angeles Section: Specialist Meeting, IAS Building, 7:30 p. m.'Ex- 
periments on Chemical Kinetics in Supersonic Flow'' by P. Wegener. 
Chicago Section: Dinner Meeting, 6 p.m. Films, demonstration and 
visit to Argonne National Laboratory. (Limited to 100 persons). Sev- ° 
eral speakers - Atomic Power and Nuclear Research. 

Kansas City Section: Joint IAS-SAE Dinner Meeting, Am. Legion 
Memorial Building, (social at 6:30, dinner at 7). "A Review of the 
Entire USAF Guided Missile Program" by Maj. Gen. M. C. Demler. 
Dayton Section: General Meeting, place to be announced. ''Future 
Propulsion Systems for Spacecraft'' by Addison M. Rothrock. 

San Diego Section: Technical Meeting, IAS Building, 8 p.m. "Air 
Traffic Control’ by J. Frank Yore. 


THE INSTITUTE OF THE AERONAUTI- 
CAL SCIENCES and the Air Force Office 
of Scientific Research, ARDC, will com- 
bine talents for the Second Annual 
AFOSR Astronautics Symposium in 
Denver, April 28-30, at the Shirley- 
Savoy Hotel. 

The Symposium will be highlighted by 
four technical sessions, a panel discus- 
sion, and a field trip. Conference Co- 
Chairmen and organizers are Morton 
Alperin, Director of Advanced Studies, 
AFOSR, and Colonel Paul Dane, Ther- 
modynamics Professor, USAF Academy, 
and Chairman, IAS Rocky Mountain 
Section. 

The panel discussion, ‘“‘Assume a Ca- 
pability for Manned Space Operation— 
For What Purposes Should This Ca- 
pability Be Utilized?” will be undertaken 
by seven prominent scientists: William 
H. Pickering, California Institute of 
Technology, Jet Propulsion Labora- 
tory; Fred Whipple, Smithsonian In- 
stitute Astrophysical Observatory; Jack 
Froehlich, California Institute of Tech- 
nology; Paul Rosenberg, Rosenberg 
Associates; R. Bucheim, The RAND 
Corporation; A. Spilhaus, University of 
Minnesota; and G. Gamow, University 
of Colorado. 

Principal speaker at a banquet on 
April 28 (Monday, 7:30 p.m.) will be 
Clifford C. Furnas, an IAS Fellow and 
Chancellor, University of Buffalo. 

Dr. Pickering, as a luncheon speaker 
on April 29 (Tuesday, at noon), will 
discuss the Jupiter Satellite Program. 
“The Far Side Research Concept”’ will 
be discussed by luncheon speakers Mor- 
ton Alperin and Major E. Davis, AF- 
OSR, on April 28 (Monday, at noon). 


General Gregory’s Comments 


Host for the Air Force, Brig. Gen. H. 
F. Gregory, Commander, Air Force 
Office of Scientific Research, ARDC, has 
set the tone of the conference with the 
following remarks: 

“AFOSR sponsored the first astro- 
nautics symposium because of Air Force 
concern with the urgent need to gather 
together the knowledge existing in the 


IAS News 


Second Annual Astronautics Symposium 


A Record of People and Events 
of Interest to Institute Members 


several scientific disciplines for an in- 
tensive examination of the state of the 
art in an area of increasing military im- 
portance. The 1958 astronautical sym- 
posium takes place at a time when the 
exploration of the space beyond our 
atmosphere has actually, physically 
begun. Last year astronautics was still 
only a gleaminoureye. This year that 
gleam is a lusty infant. I am confident 
that most of those who will attend the 
1958 sessions will live to see the astro- 
nautical sciences well on their way to 
healthy maturity.”’ 


Technical Papers 


Technical papers scheduled for presen- 
tation include the following: 

Monday, April 28, 9:30 a.m. to 12 
noon: Space Environment and Vacuum 
Research Session—Lt. Col. C. W. Cra- 
ven, Chairman. “Vacuum Chamber 
Research”’ by R. Roche, Litton Indus- 
tries; “Experiments From a Lunar 
Vehicle” by Dr. M. Johnson, Aeronu- 
tronic Systems, Inc.; ‘‘Cosmic Debris of 
Interplanetary Space” by Dr. M. Dubin, 
AFCRC, ARDC; ‘Research on Space 
Components” by Capt. D. Fulgham, 
WADC, ARDC. 

Monday, 2 p.m. to 4:30 p.m.: Con- 
trol and Propulsion of Vehicles Outside 
the Atmosphere Session—Dr. A. Hall, 
The Martin Company, Chairman. 
“Preliminary Considerations on Instru- 
mentation of an Earth-Man-Earth 
Flight” by Dr. E. Frey, Massachusetts 
Institute of Technology; ‘Plasma Jet 
Propulsion” by D. Howard, Giannini 
Research Laboratories; ‘“‘Some Consid- 
erations Pertaining to Space Naviga- 
tion” by Y. C. Lee, Aerojet-General 
Corporation; ‘‘A Description of a Pro- 
pulsive Device which Employs a Mag- 
netic Field as the Driving Force’ by 
Dr. R. Patrick, Avco Research Labora- 
tory; ‘‘Problems of Thrust Production 
by Electro-Static Fields” by Dr. D. 
Langmuir, The Ramo-Wooldridge Corp. 

Tuesday, April 29, 9:30 a.m. to 12 
noon: Panel discussion, Col. Paul 
Campbell, AFOSR, Chairman. 
Tuesday, 2 p.m. to 4:30 p.m.: 


Brig. Gen. H. F. Gregory 


Departure, Space Navigation, and Re- 
Entry Problems Session—Simon Ramo, 
The Ramo-Wooldridge Corporation, 
Chairman. Paper by Antonio Ferri, 
Polytechnic Institute of Brooklyn, to be 
announced; ‘“‘The Difference Between 
Satellite and Ballistic Missile Re-Entry 
Problems” by Fred R. Riddle, Avco 
Research Laboratory; ‘Comparative 
Performance of Ballistic and Low Thrust 
Vehicles for Interplanetary Flight” by 
Dr. J. Irving, The Ramo-Wooldridge 
Corporation; ‘‘Free Flight Missile Tra- 
jectory” by M. Anthony, The Martin 
Company; ‘‘Flight Mechanics of a Low 
Thrust Space Vehicle” by Frank Per- 
kins, Convair, A Division of General 
Dynamics Corporation. 

Tuesday Evening, 8 p.m. to 10 p.m.: 
The Earth's Moon Session—Morton 
Alperin, AFOSR, Chairman. ‘How 
Much Dust on the Moon” by Dr. T. 
Gold, Harvard College Observatory; 
“On the Lunar Dust Layer’ by Fred 
Whipple, Smithsonian Astrophysical 
Observatory; ‘‘Lunar Surface Features, 
Internal Development of the Moon and 
Particle Content of Interplanetary 
Space” by Dr. G. Kuiper, Yerkes Ob- 
servatory. 

The visit to The Martin Company and 
the Air Force Academy has been sched- 
uled from 8:30 a.m. to 3 p.m. on Wed- 
nesday, April 30. 
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IAS National Midwestern Meeting to Report 
Guided Missile Progress 


Conclave in St. Louis, May 12—14; Holaday Dinner Speaker 


Ben G. Bromberg 


Technical Program Chairman 


A program of more than 35 technical 
papers has been scheduled for the IAS 
National Midwestern Meeting on 
Guided Missiles in St. Louis, May 12-14. 

All papers will be presented in ten 
sessions classified Secret at McDonnell 
Aircraft Corporation. Meeting head- 
quarters will be the Hotel Chase. 

Principal speaker at a banquet on 
Monday, May 12, will be William M. 
Holaday, Director, Guided Missiles, 
Department of Defense. Luncheon 
speakers scheduled are Rear Adm. 
Kleber S. Masterson, Director, Guided 
Missiles Division, Naval Operations, on 
Monday, May 12, at McDonnell Engi- 
neering Auditorium; and Major Gen. 
Bernard A. Schriever, Chief, Air Force 
Ballistic Missile Division, ARDC, at 
McDonnell on Tuesday, May 13. 


Session Chairmen 


A list of sessions and probable chair- 
men includes: Propulsion I, Eugene 
Miller, Director of Research, Olin 
Mathieson Corporation; Propulsion 
II, Maurice J. Zucrow, Professor, Gas 
Turbines and Jet Propulsion, Pur- 
due University; Guidance and Control 
I, William F. Ballhaus, Chief Engineer, 
Northrop Aircraft, Inc.; Guidance and 
Control II, Peter Waterman, Naval 
Ordnance Laboratory; Engineering 
Management in Missile Development, L. 
Eugene Root, Vice-President and Gen- 
eral Manager, Lockheed Missile Sys- 
tems Division; Operational Analysis, 
Elmer P. Wheaton, Chief Missile En- 
gineer, Douglas Aircraft; Aerodynamics 
and Ballistics, William Bollay, President 
and Technical Director, Aerophysics 
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Development Corporation; Composite 
Design, Joseph G. Beerer, General Man- 
Division, 
North American Aviation, Inc.; As- 


tronautics, Werner von Braun, Redstone 


Arsenal; Structures and Aerodynamic 


Heating, Kendall Perkins, Vice-Presi- 
dent, Engineering, McDonnell Aircraft. 


Technical Papers 


Although the program is not com- 
pleted, the tentative schedule is as fol- 
lows: 

Monday, May 12, 9a.m.: Propulsion 
I (Bldg. 33)—‘‘Status of Solid Rockets,”’ 
Dr. Ritchie, Thiokol Chemical Com- 
pany; “Status of Liquid Rockets,” 
Chandler C. Ross, Manager, Liquid 
Engine Division, Aerojet-General Cor- 
poration; “Status of Ramjets and Future 
Possibilities,’’ by Dr. W. Avery, Johns 
Hopkins Applied Physics Laboratory; 
and ‘‘Novel Propulsion Systems,” by 
Wolfgang E. Moeckel, Assistant Chief, 
Supersonic Propulsion Division, NACA 
Lewis Laboratory. 

Guidance and Control I (Bldg. 102)— 
“Effect of Wind and Temperature Gra- 
dients on Design of Missile Flight Con- 
trol Systems,” M. W. Lifson, Chance 
Vought Aircraft; ‘‘Mixed Guidance,” 
by James W. Follin, Jr., Johns Hopkins 
Applied Physics Laboratory; ‘‘Guid- 
ance Schemes for Intercepting Re-En- 
try Bodies,” Stanley D. Hayes, Convair, 
A Division of General Dynamics Cor- 
poration; ‘‘Advanced Instrumentation 
Concepts in the Field of Inertial Na- 
vigation,’’ H. Schlitt, Bell Aircraft. 

Monday, May 12, 2 p.m.: Propulsion 
II (Bldg. 33)—Panel discussion, Dr. 
Zucrow, Moderator; participants—Dr. 
Ritchie, Mr. Ross, Dr. Avery, and Mr. 
Moeckel. 

Guidance and Control II (Bldg. 102)— 
‘Effects of Gyroscopic Cross Coupling 
on Missile Automatic Flight Control 
Systems,”’ J. G. McCracken, Chance 
Vought; ‘Airborne Digital Computers 
for Ballistic Missile Guidance,’’ W. T. 
Chow, American Bosch Arma Corpora- 
tion; “Vanguard Guidance,” Leonard 
T. Arnowitz, The Martin Company; 
‘The Effects of Guidance Beam Wander 
on the Design of a Missile Beam-Riding 
Computer,” J. R. Burton and J. M. 
Tucker, McDonnell Aircraft. 


Tuesday, May 13,9a.m.: Engineer- 


ing Management in Missile Development 
(Bldg. 33)—Papers by William Purdy, 
The Martin Company, and Don Patter- 
son, Department of Defense; “‘Organiz- 
ing to Develop the ICBM Nose Cone,” 
H. W. Page, General Electric Company ; 


Vernon Outman 
Meeting Chairman 


‘“Military-Industrial Missile Systems 
Management Relationship,” V. H. Za- 
briskie, Bell Aircraft. 
Operational Analysis (Bldg. 
Papers by Abe Hyatt and V. Bieber, 
Navy Bureau of Aeronautics, and 
Charles Meyer, Johns Hopkins Applied 
Physics Laboratory; ‘‘Operational Re- 
search as a Method of Communications,” 
W. F. Whitmore, U.S. Navy Fleet Bal- 
listic Missile Program; a paper by Wal- 
lace Helmuth, The Martin Company. 
Tuesday, May 13, 2 p.m.: Aerody- 
namics and Ballistics (Bldg. 33)—Paper 
by Antonio Ferri, Polytechnic Institute 
of Brooklyn; ‘‘Re-Entry and Recovery 
of Satellites Initially in Circular Orbit 
About the Earth,”’ A. J. Eggers and Mr. 
Wong, NACA Ames Aeronautical Lab- 
oratory; paper by S. M. Bogdonoff, 
Princeton University; ““NACA Hyper- 
sonic Flight Testing With Multistage 
Rockets,” J. A. Shortal, and A. G. 
Swanson, NACA Langley Laboratory. 
Composite Design (Bldg. 102)—‘‘Pro- 
gram for Improvement of Reliability of 
Missile Power Supplies,’ by Mr. Ams- 
ter, The Ramo-Wooldridge Corp.; 
“Quantitative Results of the Regulus 
I Reliability Program,” Mr. Seldon, 
Chance Vought; ‘Missile Design for 
Shipboard Operation,” J. Floyd, Johns 
Hopkins Applied Physics Laboratory. 
Wednesday, May 14,9a.m.: Astro- 
nautics (Bldg. 33)—‘‘High Performance 
Electric Propulsion System,” G. M. 
Giannini and Rolf Buehler, G. M. Gian- 
nini & Co., Inc.; ‘Techniques for De- 
parture and Return in Interplanetary 
Flight,’’ K. J. Bossart, Convair Astro- 
nautics; ‘Some Aspects of Recoverable 
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Re-Entry,” J. S. Isenberg, Bell Air- 
craft; ‘Space Navigation Between 
Nearby Planets by Optical Resection 
and Inertial Systems,” J. Carroll, 
American Bosch Arma. 

Structures and Aerodynamic Heating 
(Bldg. 102)—‘‘Re-Entry Nose Cone,” 
Lloyd Wilson, Lockheed Aircraft Cor- 
poration; ‘Aerodynamic Heating Facili- 
ties,” John Wild, ARO, Inc.; ‘Atlas 
Structure,” R. S. Shorey, Convair 
Astronautics; and Arthur Schnitt, Bell 
Aircraft. 


Necrology 


Charles F. Brooks 


News of the death on January 8 of 
Charles F. Brooks (AF), Emeritus Pro- 
fessor of Meteorology, Harvard Univer- 
sity, has reached the Institute. He was 66. 

Former Director of Harvard’s Blue Hill 
Meteorological Observatory, Professor 
Brooks had been Secretary of the Ameri- 
can Meteorological Society. He also was 
a member of the Royal Meteorological 
Society, American Association for the Ad- 
vancement of Science, Association of 
American Geographers, American Geo- 
graphical Association, and American Geo- 
physical Union. 

He collaborated on The Effect of Wind 
and Other Weather Conditions on the Flight 
of Airplanes, wrote Why Weather? in 1924, 
and was Editor of the AMS Bulletin. 

He became an IAS member on January 
9, 1933. 


Charles C. Clark 


The Institute has received word of the 
death of Charles C. Clark (AF), meteor- 
ologist and lawyer of Chevy Chase, Md. 
Dr. Clark had worked in aeronautical and 
airways weather service and practiced law 
with reference to aviation. 

He received his education at Temple and 
Columbia Universities and was a member 
of the American Meteorological Society. 


Arthur J. Rowledge 


The Institute has learned of the death of 
Arthur J. Rowledge, an IAS Fellow and 
Founder Member, on December 12 at his 
home in Derby, England. 

Mr. Rowledge had been Chief Assistant 
Engineer for Rolls-Royce Ltd. He was a 
Fellow of the Royal Aeronautical Society. 


Sir Alliot Verdon-Roe 


The Institute notes with sadness the 
death of Sir Alliot Verdon-Roe, an IAS 
Fellow, on January 5 at Portsmouth, Eng- 
land. He was 80. 

Sir Alliot was the first Englishman to fly 
a heavier-than-air plane over British soil, 
on June 8, 1906. One of Britain’s greatest 
aviation pioneers, he founded A. V. Roe 
Co., Ltd. in partnership with his brother 
Humphrey in 1909. He built the first 
enclosed aircraft, a monoplane, in 1912 and 


A. T. Mattson (AF) spoke on “The Rol 


e of Aeronautical Research in the De- 


sign of Airplanes’’ at the Training Center for Experimental Aerodynamics, Rhode- 
Saint-Genese, Belgium, on February 20. Mr. Mattson (right) is Chief, Transonic 
Wind Tunnel Branch, NACA Langley Aeronautical Laboratory. The talk sum- 
marized, in a general way, research developments in fields of performance, jet 
propulsion, stability and control, flutter, and buffeting. The Training Center, 
headed by R. P. Harrington (AF) (left), was founded in 1956 as an aid to NATO 


countries. 


the first seaplane to fly in England. One 
of his early experimental aircraft, the 
Bull’s Eye, was a 9-hp. engine triplane 
which had several successful flights of 300 
yards. These still stand as records for 
low-powered flying. 

His company turned out the Avro or 
“504” warplane at the beginning of World 
War I, the aircraft which brought down 
the first Zeppelin of the war and carried 
out a historic raid on the Zeppelin Works 
at Friedrichshafen. 

Sir Alliot sold his interest in A. V. Roe in 
1928 to buy into S. E. Saunders, Ltd. The 
firm became Saunders-Roe, Ltd. with Sir 
Alliot as Chairman and Joint Managing 
Director. As early as 1928 he was actively 
engaged in designing an aircraft to fly at 
the unheard of speed of 1,000 m.p.h. 

Sir Alliot was a graduate of St. Paul’s 
School, London, and King’s College (En- 
gineering Side), Strand, London. A ma- 
rine engineer, he spent a year in the United 
States and Canada, from 1892 to 1893. 


Telemetering Conference 
In Baltimore June 2-4 


Telemetering applied to interplanetary 
vehicles and cosmic-ray and _ rocket- 
sounding studies will be discussed at the 
National Telemetering Conference, June 
2-4, at the Lord Baltimore Hotel, Balti- 
more, Md. 

Sponsored by the ISA, ARS, AIEE, and 
IAS, the meeting has scheduled sessions 
on the application of transistors to tele- 
metering, R. F. receiver design, accuracy 
analysis, reliability, evaluation of pick- 
ups, and data reduction. 

The technical program will include a 
program on IGY which deals not only 
with radio and wired telemetering, but 
also a new medium of transmission, sonic 
telemetering. Other papers dealing with 
oceanography, astronomy, frequency allo- 


cation, and industrial applications will be 
read. 

Leading manufacturers in the telemeter- 
ing field will show and demonstrate latest 
equipment, and a number of field trips 
have been planned. 

On June 5, a day after the meeting offi- 
cially ends, a classified session has been 
planned. Some papers from Switzerland, 
England, France, and Italy will be pre- 
sented. A banquet has been scheduled 
for Tuesday evening, June 3. 


Princeton Names Building 


After Daniel C. Sayre 


A Fellow of the Institute who died 2 
years ago has been honored by Princeton 
University. The late Daniel Clemens 
Sayre’s name has been given to the aero- 
nautical sciences headquarters building 
at Princeton’s James Forrestal Research 
Center. The building has been officially 
named Sayre Hall. 

Professor Sayre organized the school’s 
Department of Aeronautical Engineering 
in 1941. Later, he was made first Direc- 
tor of the Forrestal Center. At his death 
at 53, he was combining this directorship 
with duties as Associate Dean, School of 
Engineering. 

A plaque memorializing Professor Sayre 
has been placed in the main entrance to 
the building. It recalls his achievement as 
first Chairman of the Department of Aero- 
nautical Engineering and his guidance in 
the establishment of the Center. 

Three-story Sayre Hall houses the Cen- 
ter administrative offices, graduate class- 
rooms, and research projects. 


Six IAS Members on 
NACA Space Committee 


The recently formed NACA special 
committee on space technology includes 
six members of the Institute out of the 14 
men who comprise the committee. Five 
of these members are IAS Fellows. 
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no.2 iT “WORKS” 


OF A SERIES 


Advanced sonic testing techniques are used to 
make precision measurements that determine an 


engine’s compression ratio. 


To Olds engineers, compression ratio is a direct meas- 
ure of the engine’s thermodynamic efficiency ; the higher 
the compression ratio, the more energy utilized from 
the fuel. But with higher compression ratios, engineers 
needed to know whether cylinder heads and combustion 
chambers were accurate during initial engine develop- 
ment. To meet this challenge, Oldsmobile engineers and 
General Motors Research developed a simple, yet ex- 
tremely accurate measuring device commonly called the 


“whistle checker”. 


OLDSMOBILE > 
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WHILE IT WHISTLES 


Based on the principle of resonance, the known vol- 
ume of air in the “whistle checker” is placed in reso- 
nance with the unknown volume of air in the combustion 
chamber. A reading of the micrometer adjusting screw 
of the “whistle checker” is easily translated into cubic 
centimeters and is accurate to .2 cc. What is just as im- 
portant, this instrument can tell if there is any loss of 


os 


compression due to leakage past the piston rin 


In many ways and in many directions the Inquiring 
Mind at Oldsmobile is constantly probing, constantly 
seeking new and better ways to build the finest automo- 
biles in the industry. Try a 58 Oldsmobile on the road. 


You'll discover the difference for yourself. 


OLDSMOBILE DIVISION, GENERAL MOTORS CORP. 


Pioneer in Progressive Engineering 
---Famous for Quality Manufacturing 
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Besides H. Guyford Stever, 1958 IAS 
Vice-President, who heads the committee, 
the following Institute members are on it: 
H. Julian Allen, Chief, High Speed Re- 
search Division, NACA, Ames; Milton U. 
Clauser, Director, Aeronautical Research 
Lab., The Ramo-Wooldridge Corpora- 
tion; Robert Gilruth (AF), Assistant Di- 
rector, NACA, Langley; W. Randolph 
Lovelace, II, M.D., Chief, Surgical Sec- 
tion, Lovelace Clinic, and Director, Love- 
lace Foundation for Medical Education 
and Research; and Abe Silverstein, As- 
sociate Director, NACA, Lewis. 


A Rhymed Thank You 
Read by Hunsaker 


Verses by Dudley Clapp of Massa- 
chusetts Institute of Technology were 
read by Professor Jerome C. Hunsaker at 
the Honors Night Dinner after he was pre- 
sented the Royal Aeronautical Society 
Gold Medal. This novel speech of ac- 
ceptance was read to Sir George Edwards, 
1957 RAeS President, who presented the 
Medal to Professor Hunsaker. 


More than anyone can measure 

I my keen appreciation 

And my overwhelming pleasure 
At receiving such a treasure 

As this medal and _ citation 
From our well-loved allied nation. 
Research problems aeronautic, 
When I started to pursue them, 
Were considered quite exotic 
And pursuit of them quixotic, 
But a few of us stuck to them 
Finding out a way to do them 
With these problems multiplying, 
I was designated Chairman 

Of a group to study flying: 
Seven thousand workers vying 
With your own to help our airmen, 
All our dedicated airmen. 

Your Society decided 

Thus to honor my position 

Not alone for work that I did; 
The devoted men I guided 

Really won this recognition 

In accomplishing our mission. 

Sir George, I thank you most sincerely. 
This unique and priceless token 

I shall cherish very dearly, 

All the more because it clearly 

Is a pledge most firmly spoken 
That our ties shall not be broken. 


NEWS OF MEMBERS 


>» Major Gen. Albert Boyd, USAF (Ret. ) 
(F), has been elected a Vice-President of 
the Westinghouse Electric Corporation and 
General Manager, defense products divi- 
sions. 

pC. A. Frische (AF), formerly Executive 
Vice-President, Sperry Gyroscope Com- 
pany, a Division of Sperry Rand Corpora- 
tion, has been named President of Sperry. 
> Barry Griffith King (M), Ph.D., has 
been named Vice-President, Life Sciences, 
Operations Research Incorporated, Silver 
Spring, Md. Dr. King formerly was the 
Research Executive, Medical Division, 
CAA. 

> George C. Martin (F) has been elected 
a Vice-President of Boeing Airplane Com- 
pany. Formerly Chief Engineer, Seattle 
Division, Mr. Martin also became General 
Manager of the division. 


Members on the move... . 


This section provides information con- 
cerning the latest affiliations of IAS 
members. All members are urged to 

notify the News Editor of changes as 
|| Soon as they occur. 


Robert A. Fuhrman (AF), formerly 
Chief, Technical Section, Ryan Aeronau- 
tical Company, has joined the Lockheed 
Missile Systems Division as Technical 
Staff Head, Systems Integration Depart- 
ment. Mr. Fuhrman was Vice-Chairman 
of the IAS San Diego Section. 

Martin Goland (AF) has been ap- 
pointed Director of the Southwest Re- 
search Institute. He had been a Vice- 


President of the Institute since 1955 and 
also is Director of Research, Kellert Air- 
craft Corporation. 


Comdr. H. J. Huester, USNR (AF), 
formerly Deputy Director, Aeronautical 
Structures Laboratory, NAMATCEN, 
Philadelphia, Pa., is now with Consulting 
& Technical Services, Arlington, Va. 


Felix A. Kalinski (M) has been elected 
Vice-President of Vertol Aircraft Cor- 


W. Laurence LePage (AF), an aeronautical 
engineer and management consultant, has 
been elected President of The Franklin 


Institute. He has had a life-long interest 
in aviation and aeronautical research, 
especially in rotary wing aircraft. 


poration to coordinate and direct activi- 
ties of the contracts, customer relations, 
and engineering divisions. He will con- 
tinue his current job as Assistant to the 
President, in charge of long-range plan- 
ning. 

John Dill McKenny (A) has been ap- 
pointed Principal Engineer, Research and 
Development Section, at Clary Dynamics, 
the aircraft and automatic controls divi- 
sion of Clary Corporation, San Gabriel, 
Calif. Mr. McKenny is former Section 
Chief, Mechanical Systems Engineering, 
Jet Propulsion Laboratory, California 
Institute of Technology, and did not oc- 
cupy the position incorrectly identified 
with him in these columns in the REVIEW 
for January. 


Karl Arnstein (F), Consultant and retired Vice-President in charge of Engineer- 
ing, Goodyear Aircraft Corporation, was honored by the Navy recently when it 
bestowed upon him the Distinguished Public Service Award. The Navy's high- 
est civilian honor, pinned on his jacket by Fred A. Bantz, Assistant Secretary of 
the Navy, Materiel, was awarded for Dr. Arnstein's outstanding contribution 


to the Navy 


Department in the fields of scientific research and development. 


The 70-year-old scientist is one of the world’s foremost designers of lighter- 


than-air craft. 
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N. C. Schnaubelt (A), formerly Super- 
visor, Contract Service, Solar Aircraft 
Company, has been promoted to Sales 
Representative, Southwest District. 

Edward A. Speakman (AF), former 
Vice-President and General Manager, 
Fairchild Engine and Airplane Corpora- 
tion’s Guided Missiles Division, has been 
named to the newly created post of Man 
ager, Planning for Defense Electronic 
Products, Radio Corporation of America 

Theodore K. Steele (M) has been ap 
pointed Vice-President, Research and En 
gineering, Bulova Research and Develop- 
ment Laboratories, Inc. Dr. Steele for- 


merly was Director, Research and En- 
gineering for Bulova. 

A. R. Teasdale (M) has been named to 
the newly created post of Director, Ad- 
vanced Technology, Temco Aircraft Cor- 
poration. He had been Temco Chief of 
Avionics. 

H. W. Withington (M), formerly Senior 
Project Engineer, Seattle Division, Boeing 
Airplane Company, has been named Chief 
Engineer of the division. 

Claude Witze (A), Military Editor of 
Aviation Week magazine for the past 4 
years, has joined the staff of Air Force 
Magazine as Senior Editor. 


CORPORATE MEMBER NEWS 


e@ Aerojet-General Corporation reports 
that it has developed large solid propellant 
rocket motors for the Polaris propulsion 
system. Six Aerojet scientists have been 
named to various NACA committees and 
subcommittees: Chandler C. Ross, Vice- 
President, Engineering—aircraft power 
plants; Richard D. Geckler, Manager, 
Solid Rocket Plant—engine performance 
and operation; Rear Adm. R. S. Hatcher, 
USN (Ret.), Advanced Planning Group 
seaplanes; Gordon Banerian, Manager, 
TurboMachinery Division—compressors 
and turbines; Yuan C. Lee, Director, Re 
search and Planning—combustion; and 
A. W. Cobb, Sr., Engineer, Facilities Co- 
ordinator—aircraft noise. The firm’s 
Northeastern District Office has moved to 
821 Franklin Avenue, Garden City, L.I., 
N.Y. 


e Aluminum Company of America has an 
nounced plans for new facilities at the 
firm’s Cressona (Pa.) works, including in 
stallation of a vertical impact extrusion 
press and equipment to produce sheathing 
for conductor and coaxial cables. 

e American Airlines, Inc., reports Herbert 
D. Baker has joined the firm as Director, 


Maintenance Planning and Facilities, at 
its Tulsa overhaul base. Allan A. Harris 
has joined the firm as Director, Aircraft 
Sales, at the firm’s General Offices, New 
York City. 

e Bell Aircraft Corporation has announced 
that all Buffalo and Niagara Frontier de- 
fense products activities will be operated 
by a new autonomous unit to be known as 
the Niagara Frontier Division. Ray P. 
Whitman, First Vice-President of Bell, 
will be General Manager of the new 
Vice-President Roy J. Sand- 
strom has been assigned to plan and 
direct all satellite and space travel projects. 
@ Bendix Aviation Corporation, Products 
Division, has announced the appoint- 
ments of D. M. Hellerand R. E. Whiffen as 
Assistant General Managers, and W. P. 
Bollinger as Director, Engineering, Missile 
Section. Sidney D. Hammarlund and 
Martin S. Weishaar have been appointed 
Assistant Sales Manager, Contracts and 
Administration, and Assistant Sales Man- 
ager, Customer Relations, in the division. 
William J. Kunz, Jr., has been named 
Engineering Manager, Aircraft Engine 

(Continued on page 63) 


division. 


The second production model of Boeing Airplane Company's 707 is shown with the blue 


and white colors of its future owner, Pan 


a total of 162 jet transport orders in hand. 
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American World Airways, Inc., which has ordered 
six Model 707-120 Jet Stratoliners and 17 larger 707-320 Intercontinentals. 


Boeing reports 


Aircraft Nuclear 
Propulsion 
at Marquardt 


by 
Roy E.. Marquard 
President 


Aircraft Nuclear Propulsion 
projects now underway i) 
ASTRO, a Division of Marquard 
Aircraft, offer engineers and 
scientists challenging opportuni. 
ties in a variety of technical fields, 
Here, where we are dealing 
with development problems on 
high-performance systems with 
stringent design and reliability 
requirements, creative engineers 
and scientists will find real 
challenge and opportunity for 
accomplishment. 

Project personnel are currently 
working in such fields as radia- 
tion shield design, aerothermo- 
dynamics, control system design, 
instrumentation research, stress 
analysis, and neutronics. Prob- 
lems range in scope from pre- 
liminary performance analysis 
through design of test facilities. 

Experienced engineers and 
scientists capable of making con- 
tributions in these and related 
fields are invited to investigate 
the employment opportunities at 
Marquardt. You will find a com- | 
bination of significant, active | 
projects and a lively interest in 
new ideas, creating the environ- 
ment for professional growth. 
Please address your inquiries to 
Jim Dale, Professional Personnel, 
16555 Saticoy Street, Van Nuys, 
California. 


AIRCRAFT CO. 
VAN NUYS, CALIFORNIA 
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26,464-Lb. Payload Lifted 
to 7,980 Ft. by U.S.S.R. "Copter 


@ Late last Octoker the Soviet Mi-6 
helicopter, in a record-seeking flight, 
allegedly lifted a 26,464-Ilb. payload to 
7.980 ft. At the same time, the de- 
signer, Dr. Mikhail Leontovich Mil, 
announced in a press conference that the 
Mi-6 can carry 70 to 80 passengers and 
released some design details for publica- 
tion. 

Dr. Mil said that the Mi-6 is equipped 
with two turboprop engines, designed 
by Pavel Aleksandrovich Solov’yev, 
and he described this engine model as 
having dual turbines—one to rotate the 
compressor, and a free turbine located 
directly in the gas flow from the first 
turbine to transmit its energy to the 
rotor shaft through a reduction gear. 
This arrangement, Dr. Mil said, elimi- 
nates the necessity for a complex 
clutch because of the gas coupling be- 
tween the two turbines. 

The big helicopter has been the sub- 
ject of a number of items appearing in 
Soviet, European, and domestic pub- 
lications in recent months, with interest 
centering around the October load- 
carrying feat, which, if the released 
figures are fact, surpasses the previous 
world record established by a U.S. Mar- 
ine Corps HR2S-1 (13,250 lbs. to 7,000 
ft.). The Mi-6 went into the air for a 
record around noontime on October 
30, after waiting through the morning 
for clear skies. The ceiling was reached 
in 10 min., and the helicopter was back 
on the ground about 14 min. later. The 
load, the Soviets said, was made up of 
“335 sealed sacks containing 12,004 kg. 
ballast,” which consisted of river sand 
meticulously weighed and sealed in the 
sacks under supervision. With this 
weight, a height of 6,560 ft. had to be 
attained to challenge the U.S.-held rec- 
ord. This elevation was surpassed, 
according to the Soviets, and records 
in the sealed instruments were sub- 
mitted to the FAI (Federation Aero- 
nautique Internationale) for official 
recognition. 

In his press conference, the proud 
designer boasted that the Mi-6 made 
its maiden flight only 10 days after the 
rotor had been installed and said that 
flight testing was completed in “‘a very 
short time.” He commented that the 
Mi-1 and the Mi-4 had experienced 
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trouble with ‘rotor flutter,’’ but per- 
sonnel from his design bureau and from 
the TSAGI (an aerodynamic institute) 
solved the problem, and the ‘‘compli- 
cated phenomena’ were “‘eradicated”’ 
in the Mi-6 despite the great size of the 
rotor blades. Other vibrations, such as 
“ground resonance,’’ were also avoided, 
he said. Dr. Gil told his interviewers 
that the Mi-6 has hydraulic servo- 
controls and that the main rotor blades 
reach a maximum tip speed of the order 
of 911 ft. per sec. The fabrication of 
long tubes with varying diameter and 
wall thickness, and the development of 
metal bonding to reduce the number of 
bolts and rivets, were cited as among 
the construction problems to be over- 
come in developing the rotor blades. 


Soviets Report Fighter 
Is Flown to 62,700 Ft. 


@ An item in the December 27, 1957, 
issue of Red Star claims that a Soviet 
air force major flew a fighter to an alti- 
tude of 19,111 meters (62,700 ft.). It 
was further stated that the flight con- 
tinued to a higher altitude and that it 
was not performed in an experimental 
aircraft but in a standard series-pro- 
duced aircraft. 


Top Scientist Makes Plea 
in U.S.S.R. Lower House for Funds 


@In a Reuters News dispatch of De- 
cember 20, 1957, a leading Soviet 
scientist conceded that Russia still has 
a long way to go to ‘‘beat the United 
States on all scientific fronts.”’ Asking 
for more money to do the job, Alex- 
ander Nesmyanov, President of the 
Soviet Academy of Sciences, came be- 
fore the startled lower house of the 
Soviet Parliament with a list of com- 
plaints and demands. 

According to the Reuters release, 
Nesmyanov included the foliowing com- 
ments (verbatim where indicated by 
quotation marks) in his address before 
the solons of the U.S.S.R.: 


The launching of two earth satellites 
demonstrates the superiority of Soviet 
rocket techniques; and great progress has 
been made “in the realm of mechanics, 
mathematics, chemistry, radio techniques, 
and automation.’’ However, “it would 
be harmful to overestimate our scientific 
achievements. Great efforts are still 


needed to beat the United States on all 
scientific fronts.” 

Russia has 240,000 scientists—‘‘more 
than any other country’’—but still more 
are needed “to extract the maximum 
from our research.” 

There is duplication in the work of 
Russian scientists, and better equipment 
and more needed. The 
amount allotted for research is “‘less than 
in the United States’; and industry has 
failed to “produce what the scientists 
want.”’ 


money are 


Russian scientists often have to use 
“antiquated equipment.’’ West Ger- 
many has produced an electronic micro- 
scope which is better than Soviet elec- 
tronic microscopes by as wide a margin as 
the latest Soviet jet airliner is better than 
an aircraft of the 1930’s. 

Soviet investment in science will be in- 
creased in 1958 by 10 per cent—to 18.2 bil- 
lion rubles ($4,550,000,000). Still more 
money is needed. ‘‘Investment in science 
must be increased at a rate faster than 
other investment in the national economy.” 
In 1954, for each individual scien- 
tist, the State provided 9,000 rubles 
($2,250) worth of equipment. In 1957 
this figure fell to 5,300 rubles ($1,325). 
“This is bad,’’ and steps must be taken 
to bring the level back to at least 9,000 
rubles a year per scientist. 

The U.S. National Science Foundation 
estimates that the U.S., through govern- 
ment and industry, spends about five 
billion a year on research, but much of 
this outlay is on consumer products not 
developed in Russia. 


Nesmyanov’s plea for more money 
did not go unheeded. The Soviet Par- 
liament has been told by Finance Min- 
ister Zverev that the U.S.S.R. will 
spend a total of 18.2 billion rubles in 
1958 on scientific research. At the 
official exchange rate of 4 rubles to a 
dollar, this is the equivalent of $4,550,- 
000,000. 

Current (1958) Soviet science re- 
search spending reportedly will in- 
crease 1.8 billion rubles ($450 million) 
over 1957. 

Ministry of Defense appropriations 
for 1958 are scheduled at 96.3 billion 
rubles—$24,075,000,000 (96.7 billion 
rubles in 1957). This 1958 appropri- 
ation probably includes only part of the 
total spending for military purposes. 
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Guest Editorial 


The address by the United States Senator 
from Missouri at the 1958 Honors Night 
Dinner of the Institute. 


I want to talk briefly on the subject which is closest to 
the minds and hearts of all of us—national security. 

Recently my wife and I were at a gay and pleasant 
evening, in honor of a friend’s daughter. At that 
party, however, one of the parents said 

“T have been reading in the papers about these re- 
ports, the Gaither Report and the Rockefeller Report. 
If their conclusions are true, why don’t we do some- 
thing about it? God has given us responsibility for 
these children here tonight. You are in the Govern- 
ment. Why don’t you do something about it?” 

In the legislative branch, where we do not have ex- 
ecutive prerogative, perhaps our chief contribution can 
be continuous effort to keep the people informed. 

The greatest single power in this country to help ob- 
tain more adequate defense is an informed, and there- 
upon aroused, public opinion because, unlike the cici- 
zens of the lands which now threaten us, we are still the 
masters of our government, not its servants. 

Over many years, and as late as last November 16, 
the leaders of the Soviet Union have emphasized the ir- 
reconcilability of Communism and capitalism—and no 
democratic government can live against this ever-ex- 
panding Communist aggression unless its people are 
given all truth which does not help the possible enemy. 

The people of this country, therefore, need, and are 
entitled to, that truth. Without it they cannot de- 
inand—and thereby obtain—the action required. 

No organization in the world is more concerned with 
facts than is the Institute of Aeronautical Sciences. 
That is why I am going to dwell on some facts—what 
we have done since the launching of the first Sputnik on 
October 4—an event well described by one of your great- 
est members as a ‘‘technological Pearl Harbor’’—and 
what we should do. 


The Honorable W. Stuart Symington 
United States Senator, Missouri 


It has awakened 
many people. As example, a report of the Senate 
Military Preparedness Subcommittee, agreed to only 
last week by all Republicans and Democrats on the 
Committee, included the following six findings: 

“On the basis of sworn testimony by top scientists, 
leading industrialists, and government and military of- 
ficials, it can now be said: 

“(1) The Soviet Union leads the United States in the 
development of ballistic missiles. 

“(2) The Soviet Union leads the United States in 
number of submarines, which raises the possibility of 
attack with modern weapons or missiles—although the 
indications are that we are ahead in the production of 
atomic submarines. 

(3) The Soviet Union is rapidly closing the gap in 
manned air power and, at present rates, will surpass this 
country in a comparatively short time. 

(4) The Soviet Union has a system which enables 
it to develop new weapons in substantially less time 
than the United States. 

‘““(5) The Soviet Union has led the world into outer 


In a way, Sputnik is a blessing. 


space. 
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“(6) The Soviet Union is producing scientists and 
technicians at a rate substantially greater than our 
country.” 

If anybody has any further doubts about the degree 
of the current danger, let him remember, as he studies 
these six findings, that only 12 years ago the econ- 
omy of the Soviet Union was in critical condition, with 
much if not most of its industrial potential destroyed. 

And 12 years ago the United States was far and 
away the strongest nation on earth, on the land, on and 
under the sea, and in the air. 

Actually, five of these six findings have been known 
for a year and a half because similar sworn testimony 
from military and civilian experts was presented in the 
Air Power Subcommittee hearings of 1956. 

But when the conclusions of that Subcommittee were 
published, there was no Sputnik to point up the findings, 
and people asked, ‘‘How do you expect to get anywhere 
criticizing the Eisenhower Administration about its 
plans for our national defense?” 

And so at least another year was lost. 

Now these events of the past are important only be- 
cause of the lessons they can give us for the future. To 
me, the lesson in this case is clear. 

We must take more prompt and more decisive steps 
to see that our guard is again raised to adequacy—and 
then be equally determined to see that it is never low- 
ered again until the menace of Communist aggression 
subsides. 

With those premises, what have we done since Octo- 
ber 4—and what do we plan todo. It is clear that what 
we have done is inadequate—and what we plan to do is 
inadequate. 

There has been some acceleration of the ballistic mis- 
sile programs, and there has been a restoration of the 
cuts in Research and Development funds which were 
made only a few weeks before Sputnik. 

There has been some step-up in plans for antisub- 
marine warfare capability and also some improvement 
in the dispersal program recommended for the Strategic 
Air Command. 

And most important, Sputnik has prompted new dis- 
cussions about a subject we started to face up to nearly 
15 years ago as the result of actual war experience—but 
then shoved under the rug in peacetime. 

I refer to efforts to clean up the incredibly compli- 


cated organization structure now characteristic of the 
Pentagon. 

People tell us that in order to get a decision in that 
building, you often have to touch so many bases that it 
is like trying to play ten baseball games on one baseball 
diamond. Asa result, each of the teams tries to create 
its own diamond in the one park. Henry Kissinger put 
it well when he said that each of the three Services 
would appear to be preparing to fight any possible fu- 
ture war by itself. 

Not only does this Pentagon set-up result in an an- 
nual waste to the taxpayer of billions of dollars, but also 
the divided authority inherent in any such administra- 
tive jungle may prove fatal in an era when every minute 
of delay in decision could prove fatal. 

Yes, there was a tremendous public reaction to Sput- 
nik. But that reaction has not resulted in nearly 
enough action. 

Do you doubt that statement? 
following facts: 

The budget decided on last year—that is, the budget 
for the Fiscal Year 1958—reduced Air Force funds 
nearly $1 billion lower than the appropriation for the 
previous year, 1957. 

The 1958 supplemental budget, compiled after Sput- 
nik, largely replaced the amount of the 1957 reduction, 
but added nothing else. 

This 1958 supplemental budget does not contain one 
cent for aircraft procurement, Air Force or Navy. 

The budget for this year, the Fiscal Year 1959, pre- 
sented to the Congress earlier this month, gives the Air 
Force an increase of less than 2 per cent, not even 
enough to cover the lessened value of the dollar—and 
this despite recent sworn testimony before the Senate 
Preparedness Subcommittee that we are many hun- 
dreds of planes short of the absolute minimum require- 


Then consider the 


_ment for adequate national defense. 


And despite the President’s heavy reliance on the de- 
terrent capacity of SAC, made in his two speeches after 
the launching of Sputnik, the heavy reductions made 
last April in the schedules of modern bombers and aerial 
jet tankers have not been restored, even though it was 
freely admitted that they were made to conform to the 
“rigid’’ expenditure ceiling placed on our defense at 
that time. 


We have been channeling into defense preparedness 
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a continuously decreasing percentage of our gross na- 
tional product. This can only mean that we are an- 
swering the growing Communist threat by devoting 
more and more of our energies to the complacency of 
consumer comforts. 

Perhaps most astounding of all, the new overall 
budget presented to the Congress by the President 
earlier this month is nearly $2 billion less—to be exact, 
$1 billion, 912 million 

Somebody is fooling somebody 


than last year’s budget. 
and the biggest fool 
of all is the fool who fools himself 

Perhaps the explanation for this continued compla- 
cency lies in a poem published only last month in an 
editorial on defense in Life magazine—a poem which 
had to do with what our children are being taught in 
school: 


“We are the biggest, we are the best. 
We are ahead of all the rest 


Perhaps you have read a book published by the 
Hoover Library of Palo Alto, entitled Russia's Academy 
of Sciences. How many people know that that Academy 
in Moscow was functioning aggressively in scientific re- 
search a great many years before the Government of 
the United States was formed? 

In the same issue of Life magazine was an article, 
“First Hard Facts on All Russian Sciences,’’ and it said 
in part: 

“The entire Soviet educational system is geared to 
discover and develop potential scientists. . . . 

“In its hundreds of thousands of trained technicians, 
Russia is producing men and women who know how to 
operate uranium mines, to build and run power plants, 
to do laboratory work, to put science to practical use. 

“Within a generation the Soviet Union will have an 
enormous pool of such technicians, far more than she 
needs domestically, who can be used as a living export 
commodity. 

“Sent into Africa, India, Indonesia, they may develop 
these areas according to the Communist scheme while 
the U.S., still talking bravely about free enterprise and 
Point Four, declines. 

“Tt is this prospect, in addition to the purely military 
implications, that Americans may consider as they 
watch the Sputniks tumbling through the cool twi- 
light over their secure and perhaps still somnolent 
country.”’ 

So there we have it. Leaders of the Soviet Union 
making every effort to produce hundreds of thousands 


+ 
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of trained people like yourselves, but people who will be 
working for that conspiracy which is dedicated to the 
destruction of freedom. 

What then should we do? 

Whatever we do should be done promptly and de- 
cisively. 

We must organize ourselves and expend much more 
in the integrated use of talents and facilities available 
to this nation by the sciences you represent. 

We must take a balanced approach in moving out 
into space, first with unmanned, later with manned, 
systems, both for our national defense and our national 
progress. 

We must wait no longer, as the days and weeks and 
months tick away and the Soviet Union intensifies its 
all-out preparations for ultimate world conquest. 

We must start this winter. Already too much price- 
less time has been lost. 

We must stop milling around, and go to work with 
bold vision. 

We should remember the last stanza of a poem 
written by a great airman: 

“The shadows of wings are like wind on the wheat 
When dawn on the prairie is grey, 
And motors are droning a Requiem Mass 
For hopes that are dying today. 
Look up, my proud people, where destiny rides 
Lest lethargy make you a slave, 
And prophets go down to the tomb to inquire 
Of wisdom that lies in the grave.”’ 


That poem was not written recently. It was 
written over 30 years ago, by Gill Robb Wilson, in 
defense of Gen. Billy Mitchell. 

Over 15 years after its publication, America was 
forced into World War II—and we still had time to 
mobilize; and the Free World was thereupon saved 
from the tyranny which again threatens us tonight. 

But tonight there is so little time. 

So let us first take every step possible to become in- 
formed, and then pass the word on to friends and 
neighbors, in the interest of adequate national defense. 

I am one who agrees completely with elder statesman 
B. M. Baruch when he says he will never agree that his 
country cannot afford to do as much to defend its 
freedoms as any other country is doing to destroy those 
freedoms. 

Let us follow that advice. Let us have less talk and 
more action—and become strong in order that we can 
remain free. 
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The Structure of Our Space 


\ \ E ARE three-dimensional beings living in a space 
which we visualize as having three dimensions. Wecan 
understand and visualize properties of objects which 
have less than three dimensions: we speak about straight 
lines, curves, planes, and surfaces embedded in our 
three-dimensional space. We cannot understand or 
visualize four-dimensiona! space in which our three- 
dimensional space could be embedded. Hence, we 
cannot judge whether our three-dimensional space is a 
kind of a “‘three-dimensional plane’’ or whether it is a 
““three-dimensional surface.” If you have some diffi- 
culty in grasping the meaning of the previous sentence, 
imagine some hypothetical two-dimensional creatures 
living either on a plane or on a surface. Assume that 
they can no more visualize or understand a three-di- 
mensional space in which their two-dimensional ‘‘world”’ 
is embedded than we can visualize or understand a 
four-dimensional space with a three-dimensional world 
embedded in it. They cannot therefore decide whether 
the two-dimensional space they are living in is a plane 
or a surface. We could, of course, decide it for them 
quite easily because we visualize the three-dimensional 
space in which their plane (or surface) isembedded. As 
far as our experience about our own space is concerned, 


Prepared by Dr. Hlavaty exclusively for the Review as a 
greatly condensed version of his address on “The Structure of 
Space in Which We Live and Gravity’’ given before the IAS 
Indianapolis Section, October 11, 1957. The author wishes to 
State that certain analogies and definitions are brief because of 
space limitations. 

Dr. Hlavaty is Professor of Mathematics and a member of the 
Graduate Institute for Mathematics and Mechanics. 


. We are living in a space 


whose structure we can never grasp 
or understand.” 


V. Hlavaty 


Indiana University 


we are in a similar predicament whenever we want to 
determine the shape of the three-dimensional space 
which we occupy. We cannot, so to speak, look on our 
space from the outside; we must therefore base our de- 
termination of the shape of the space on “‘internal”’ in- 
formation obtained by experiments performed “‘in”’ the 
space. 

This article is concerned with the description of the 
main features of this endeavor. Despite the fact that 
the problem of the structure of our space is 2,000 years 
old and that we have used different approaches in look- 
ing for its solution, a definite answer has yet to be found. 

Before starting to look at our problem, let us dispose 
of two very reasonable objections. First, one could ar- 
gue that the structure of our space should be revealed 
to us by our intuition which tells us that space is a kind 
of ‘‘three-dimensional plane”’ (flat) rather than a “‘three- 
dimensional surface” (curved). The answer to this 
objection is that we simply cannot rely on our intuition. 
There is an almost endless list of instances in mathe- 
matics where our intuition deceives us. 

The second objection may be formulated as follows: 
The experience of our daily life tells us that our space is 
flat, therefore it must be flat. This objection may be 
disposed of quickly by remembering that it was pre- 
cisely the experience of daily life which constituted suffi- 
cient proof to our ancestors for their firm belief that the 
earth was flat. 

We shall see that science developed two ways of at- 
tacking the problem of the structure of our space. One 
way could be labeled ‘‘geometry”; the other would 
have the more modern label of “relativity.” 


April,1958 / 25 


= 
| — 
| 
| 
| 
| 
| 
| 
| 
XUM 


GEOMETRY 


The geometry we are taught in our schools and which 
we apply to our daily life is based on the intuition and 
the common sense of the experiences of our daily lives. 
Our intuition, as well as our common sense, takes some 
elementary propositions for granted. Thus, for in- 
stance, we take for granted that two different points 
define only one straight line incident with them. Such 
elementary statements taken for granted without proof 
are called axioms. They can be neither proved nor 
disproved. 
which our elementary geometry is based was Euclid. 


The first to state explicitly the axioms on 


Geometry based on these axioms is called Euclidean ge- 
ometry. It is the geometry we are taught in schools. 
Among Euclid’s axioms there is one, known as Euclid’s 
fifth, which we shall state here in a form equivalent to 
“Through a point -1 not incident with a 
line 5, there is only one line parallel to } 


this axiom: 


Stated in this form, the fifth axiom tells us in fact 
something about the behavior of space at infinity (by 
definition two parallel lines intersect at a point at in- 
finity). 
mathematicians after Euclid tried to prove this axiom. 

The fifth 
If it could 
and not only taken for granted—we could 


Therefore it is quite understandable that many 


The reason behind such an attempt is clear: 
axiom is an abstraction of our experience. 
be proved 
acquire some knowledge about the behavior of our 
space at infinity. 

There is an impressive number of “‘proofs’’ of the 
fifth axiom. 
classes. 
wrong, and therefore we shall not deal with them. In 
the second class are the proofs whose structure may be 
reduced to the following pattern of a tautology: “IfA 
holds, then A holds.’’ In other words, authors of such 
proofs proved only what they assumed. Thus, for in- 
stance, Poseidonius (first century B.C.) proved the fifth 
axiom by using the following definition of parallel lines: 


These proofs may be grouped into three 
In the first class are the proofs which are 


“Two straight lines a, } are parallel if the distance of a 
point A on a from 6 is independent of the choice of 4 on 
a.” Using this definition he proved the fifth axiom. 
We know nowadays that this definition is equivalent to 
the fifth axiom. 

The most interesting group of proofs is the third, 
which contains the proofs based on absurdity (reductio 
ad absurdum). 
fifth axiom is not valid, and one tries to deduce from 
this assumption a contradiction. 
cheri (1667-1733) and Legendre (1752-1833) are of 
this nature. 
to them, contradicted our intuition and our common 
sense. 
ical reasoning—bvoth looked at those conclusions as con- 


In such a proof, one assumes that the 
The proofs of Sac- 
Both derived conclusions which, it seemed 
Therefore—leaving the safe field of mathemat- 


tradictions and consequently claimed to have proved 
the fifth axiom. What they discovered and refuted 
were in reality some propositions of the so-called non- 
Euclidean geometry. - 

This new geometry was initiated by Lobachevski 


and Bolyai 130 years ago. Their leading idea may be 
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expressed as follows: ‘‘The failure in proving the fifth 
axiom is probably due to the fact that this axiom cannot 
If this is true, then it must be possible 
to prove that the fifth axiom cannot be proved.”’ 

In order to accomplish this task they based their con- 
siderations (independently of each other) on all of Eu- 
clid’s axioms with the exception of the fifth, replacing 
it by another axiom which contradicted the fifth. They 
constructed in this manner a new geometry, which came 
They derived 
a set of propositions based on the new axioms. 


be proved at all. 


to be known as non-Euclidean geometry. 
In order 
to be able to call this set of propositions a ‘‘geometry,” 
it was necessary to prove that their ‘‘new”’ fifth axiom 
was compatible with the remaining ones. We shall see 
that Lobachevski tried to prove it (while Bolyai did 
However, they both derived a set of 
interesting formulas from their axioms and showed at 
least that this set could be used as a workable basis. 
The axiom with which they replaced Euclid’s fifth 
axiom stands in direct contradiction to it: ‘Through a 


not) and failed. 


point .1 not incident with a line }, there are two parallel 
lines to }.’’ Your reaction to this requirement is prob- 
ably the same as was the reaction of many learned men 
in Lobachevski’s time. You certainly cannot be 
blamed if you reject any attempt to take this axiom 
seriously because it outrageously contradicts our intui- 
tion. 

Lobachevski was aware of this fact and answered 
his opponents in a very sophisticated way. 
to him, the new geometry contained two classes of 
statements and formulas. The first class consisted of 
results which are the same as those in Euclidean ge- 
ometry. (For instance, a circle is defined by three points 
and has a unique center.) 
tents of the second class, let me first draw an analogy. 
For spherical trigonometry, as taught in our schools, 
there are also two classes of results. The results of one 
class are the same as in Euclidean geometry. The re- 
sults of the other class contain the radius r of the sphere. 
These results have the property that they are valid for 
any r ¥ 0 and in particular, if r is very large, then these 
formulas approach the corresponding formulas of Eu- 
clidean geometry. 

This situation repeats itself in the non-Euclidean ge- 
ometry. The results and formulas of the second class 
contain an arbitrary constant C which cannot be de- 
termined by the theory. If 1/C is very small, then 
these results approach the corresponding results of Eu- 
clidean geometry. Thus, for instance, the angle a of 
the two parallels which can be drawn to a line through a 
point 4 is a function of C, a = a(C) such that for 1/C 


According 


Before we discuss the con- 


we have amr. 

The conclusion drawn by Lobachevski from _ this 
fact was ingenious: If our space is described by the 
axioms of the new geometry, then its curvature—ie., 
the number 1/C— is so small that it cannot be detected 
in our daily life. Thus, for instance, the two parallels 
to a line, which are mentioned in his new axioms, make 
an angle so close to that the difference from cannot 
be detected by our daily life experience. This could 
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be formulated in a slightly different way: If the space 
has a curvature 1/C # 0, then the constant C is very 
large compared with the measurements of our daily life. 

This observation led him to an attempt to prove the 
compatibility of his new axiom with the remaining ones 
he used. He sought to achieve his proof by finding ex- 
perimentally the curvature 1/C of our space. It was 
clear to him that he must use for this purpose a meas- 
urement on astronomical scale because measurement on 
terrestrial scale is ‘“‘too small’’ compared with the con- 
stant C which he wanted to find. Therefore he meas- 
ured the triangle whose vertices were the sun, the 
earth, and Sirius. Substituting the observed data into 
his formulas which contained C, he was able to find its 
value C > 166,320 7, where 7 is the distance of the earth 
fromthe sun. Therefore he could claim that his axioms 
really described the structure of the space in which we 
are living and, therefore, were compatible with each 
other. Moreover, he found the upper bound for the 
curvature 1/C of space. According to his results, the 
curvature is different from zero but is so small that for 
all practical purposes of our daily life it must be con- 
sidered to be equal to zero. 

Unfortunately, God does not reveal to us so simply 
the mysteries of His creation. Later on it was found 
that the value 1/C detected by Lobachevski was with- 
in the limits of permissible experimental errors inherent 
to measuring instruments. Therefore the right evalua- 
tion of Lobachevski’s result was that space is either 
flat (1/C = O)—i.e., Euclidean—or curved (1/C # 0); 
but it could not be decided on the basis of Lobachev- 
ski’s measurement which of these two statements was 
true. Of course, if 1/C = 0 then Euclid’s fifth axiom 
is in force, while for 1/C ¥ 0 the non-Euclidean Lo- 
bachevski-Bolyai axioms describe the structure of our 
space. However, no choice was possible between these 
two possibilities. 

Thus ended the first chapter of the 2,000-year strug- 
gle between man and God for the mystery of space. 
The result: Failure. 


INTERLUDE 


This failure turned out to be very fruitful for it led to 
developments which opened new and unexpected hori- 
zons in scientific thinking. 

Lobachevski did not prove the compatibility of his 
axioms. Although the non-Euclidean geometry—i.e., 
the set of results based on the new axioms—did not re- 
veal any internal logical contradiction (even though 
there seemed to be some external contradiction with our 
intuition), it was not clear whether future investigation 
of these new axioms would not lead eventually to some 
contradiction. We know from metamathematics that 
it is not possible to prove the compatibility of a set of 
axioms. What could be proved is that a set of axioms 
is compatible to the same extent as a set of axioms be- 
longing to another branch of mathematics. 


The reason for the failure of geometry to solve the 


problem connected with the fifth axiom was clearly 
stated by d’Alembert. In his article ‘‘Paralléles”’ 
(Encyclopedie Méthodique Mathematique, II 519} he 
wrote: ‘La définition et les propriétés de la ligne droite, 
ainsi que des lignes paralléles sont l’écueil et pour ainsi 
dire le scandale des éléments de Géométrie.”’"* In what 
follows we shall see the importance of this remark. 


Working on a completely different problem, Beltrami 
(1835-1900) found that the Lobachevski-Bolyai axioms 
were Satisfied on every surface with constant negative 
curvaturet provided that the term ‘“‘straight line” 
can be replaced by the terms “‘ ‘shortest line’ between 
two points.’’{ The significance of this discovery is of 
paramount importance in the problem of the determina- 
tion of the structure of space. It shows that the Lo- 
bachevski-Bolyai axioms are compatible to the same ex- 
tent as Euclid’s axioms. Indeed, the existence of a sur- 
face (of constant negative curvature) in Euclidean space 
requires the fulfillment of Euclid’s axioms. It shows 
also that all previous attempts to prove Euclid’s fifth 
axiom must either be wrong or must be reducible to a 
tautology; the fifth axiom cannot be proved simply 
because a counterexample had been exhibited. There 
are indeed spaces—i.e., two-dimensional surfaces of con- 
stant negative curvature—for which the fifth axiom 
does not hold. It cannot be disproved either, for there 
are spaces—e.g., the Euclidean plane—for which it 
holds. Beltrami’s result finally also shows that a set of 
axioms which we use as the basis for a geometry is an 
act of our own free volition, completely independent of 
the space in which we happen to live. If we choose 
Euclid’s axioms, we obtain a geometry of a space which 
is quite different from the geometry of a space in which 
the Lobachevski-Bolyai axioms are satisfied. Neither 
one of these spaces is necessarily the true representation 
of the space in which we live. 


Having found at least one instance where Euclidean 
axioms are not valid, we cannot eliminate the possibility 
of a space for which neither Euclid’s nor the Loba- 
chevski-Bolyai axioms hold. Our problem must there- 
fore be enlarged and redefined. There is no question 
any longer of the validity of Euclid’s axioms in our space. 
We have to admit that our space is governed by a set of 
axioms which we do not know a priori and which it re- 
mains for us to discover. It means essentially that, in 
our struggle for the understanding of the structure of 
space, we are led to reformulate our basic question: 
We must not ask whether or not Euclid’s axioms are 
valid in our space; we must ask what axioms are valid in 
the space in which we live. 


* After this admonition he presented his own version of a defi- 
nition to be used as a basis for a proof of the fifth axiom. It 
turned out that this definition was a tautology! 

+ The curvature of a sphere of radius r is by definition K = 
1/r?(> 0). Every saddle-like surface has a negative curvature— 
ie, K <0. If K = const., then such a saddle-like surface is 


called a surface of constant negative curvature. 
t There are many other realizations of non-Euclidean ge- 
y 

ometry—e.g., Klein, Cayley, Poincaré, etc. 
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This situation makes our problem much more diffi- 
cult because it leaves us no indication of how to proceed. 
We know on the basis of our past experience that there is 
one way we must not choose—the way paved with geo- 
metrical considerations only. Fruitful as this way may 
be for discovering new spaces with strange structures, it 
has no physical connection with the structure of the 
space in which we are living. 

In the next section I shall describe one of the possible 
approaches; it is an approach characterized by a geo- 
metrical description of the physical world 


RELATIVITY 


We first have to clarify two notions which seem rather 
mysterious to the layman—namely, the notion of a four- 
dimensional space and the notion of a (gravitational) 
field. 

To the mathematician, an m-dimensional space is by 
definition the set of all ordered n-tuples (2, x2, . . ., X,) 
of numbers. The numbers xj, x2, ..., x, are coordinates 
of the elements (called sometimes points 
stitute the space and which are assumed to be the pri- 
mary a priori given elements. Thus, for instance, our 
space may be regarded as three-dimensional if we as- 
sume that the primary elements are points; it is in fact 
the set of all ordered triples (%:, x, x3). This space 
could be called a “‘point-space.’’ If, however, in this 
same space we consider a straight line as the primary 
element, then the space is four-dimensional; it becomes 
the set of all quadruples (x1, x2, x3, x4) where x1, .. ., %% 
are coordinates of a line (line-space). Hence we live in 
a three-dimensional point-space which at the same time 
is a four-dimensional line-space. Moreover, this four- 
dimensional line-space is not flat but curved; we are not 
capable of visualizing its fourth dimension, and further- 
more it is impossible for us to detect its curvature! 


which con- 


The space of Newtonian mechanics is a three-di- 
mensional point-space independent of time. The space 
of general relativity is a four-dimensional space-time 
for which the fourth dimension is equivalent to the first 
three (spatial) dimensions (as it is the case for line- 
space). The primary element of this space is often 
called ‘‘event.’”” We have to bear in mind that it is im- 
possible for us to visualize this space-time even though 
we are capable of describing it perfectly well in terms of 
mathematical formulas. 

In order to describe a (gravitational) field, a basic 
notion of general relativity, we shall use the following 
analogy: Assume that you are observing the surface of 
a river on a quiet night so dark that the surface of the 
river is indistinguishable from its surroundings. As- 
sume that on the surface there is floating freely a lighted 
bulb. Since the night is quiet, the bulb will describe a 
straight line and that is all you see. If you are notina 
poetic mood, you will at once remember the Newtonian 
law of inertia. If so, you will conclude that the bulb 
(the particle) moves freely without external forces. 
Assume now that a fish is approaching the bulb from 
beneath. It distorts the surface of the river, makes it 
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wavy, and warpsit. In other words, the surface is no 
longer flat—it is curved. The bulb does not move any 
longer in a straight line, although its path is still the 
shortest line between any two of its points. You do not 
see the fish but only that the path of the particle devi- 
ates from a straight line. Remembering Newton's 
second law, you will conclude that there is a force acting 
on the bulb, curving its path. The explanation of the 
phenomenon, however, is that the fish created a dis- 
turbance which curved the path of the particle. In 
other words, the fish created a field which curves its 
environment so that the path of the particle, even 
though still the shortest line (between any two arbitrary 
points), is no longer a straight line. 

Replace the fish by our sun and the particle bya planet, 
and you have the situation we are aiming at. Accord- 
ing to Newton, the orbit of a planet is not a straight line 
in our three-dimensional point-space because (among 
other things) the sun is ‘‘attracting’’ the planet. Ac- 
cording to general relativity, the orbit is not a straight 
line because the mass of the sun warps the four-di- 
mensional space-time so that the shortest line—i.e., the 
orbit—is no longer a straight line. You see that general 
relativity replaces the gravitational force vector by the 
new notion of gravitational field. 

So far this is only attractive science fiction. 
to transform it into a scientific hypothesis, we must be 
able to describe the gravitational field and the resulting 
curvature of space by exact mathematical expressions. 
As far as the mathematical identification of the gravi- 
tational field is concerned, we shall use again an analogy. 
If one knows the metric of a sphere—i.e., the formula for 
the distance between any two of its points—one can 
easily find its radius r and its curvature 1/r?. The 
same holds for a four-dimensional space. Here the 
metric is defined by ten functions while the curvature of 
this space is defined by ten differential expressions of 
these metric functions. With a stroke of genius Ein- 
stein simply identified the gravitational field with the 
ten metric functions (which he called gravitational po- 
tentials) and was therefore able to find the curvature of 
the space in terms of the above ten differential expres- 
sions of the gravitational potentials. He found thus 
the curvature of the space-time expressed by means of 
the still unknown gravitational potentials. To find 
these ten unknown gravitational potentials we need 
ten equations. We know that all possible physical 
data relevant to this theory may be condensed into ten 
functions describing the physical state. With another 
stroke of genius Einstein equated the ten differential 
expressions for the curvature with the ten functions 
describing the physical data. In this way he obtained 
ten differential equations (field equations) for the ten 
unknown gravitational potentials. Solving these equa- 
tions, we obtain the gravitational field in terms of the 
physical data. Thus was completed the hypothesis of 
general relativity. A hypothesis becomes a theory if, 
submitted to tests, it explains all observations and does 
not lead to contradiction. General relativity was tested 
and was found, in the first approximation, to yield the 
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results of Newtonian mechanics, while further approxi- 
mations explained observations which eluded explana- 
tion by means of Newtonian mechanics. Thus the 
hypothesis of general relativity became a theory and is 
regarded at the present time as very near the true de- 
scription of the physical universe.* The question is: 
What does this theory contribute to the problem of the 
structure of our space? 


CONCLUSION 


The answer to this question is rather unexpected. 
According to general relativity, we live in a four-di- 
mensional curved space-time. We cannot, however, 
visualize a four-dimensional curved space, let alone its 
fourth time-coordinate, as being equivalent to the spa- 
tial coordinates. Hence, according to this theory, we are 
living in a space whose structure we can never grasp or 
understand. Disappointing as this answer may be, it 
still offers some consolation. It shows clearly that the 
puzzling questions concerning infinite or finite space, as 
well as questions about eternity, have no sense. We 
understand only the three-dimensional cross section of 
the four-dimensional curved space-time of the universe, 

*For the sake of completeness, we mention that Einstein 
proposed a generalization of this theory during his last years. 
This new generalized theory not only yielded the same results as 
did general relativity, but it opened the way for many new 
possibilities of interpretation of the universe. (See V. Hlavaty, 
Geometry of Einstein’s Unified Field Theory; P. Noordhoff, Gro- 
ningen, Holland, 1958.) 


and therefore the above-mentioned questions are a for- 
tiori senseless. 

Let me finish with the answer to a very reasonable ob- 
jection which you would probably like to raise: What 
is the importance (if any) of the description of the uni- 
verse that we can achieve by mathematical formulas 
without understanding intuitively their true interpre- 
tation? 

Imagine a mathematician who was born blind. Asa 
mathematician, he can create and master completely 
the theory of colors (because this theory is fully de- 
scribed by mathematics). However, he will never be 
able to interpret the true significance of his formulas. 
Moreover, if somebody tries to acquaint him with 
colors, telling him that fire is red and snow is white, he 
will erroneously connect red with the sensation of heat 
and white with the sensation of cold. Comparing this 
erroneous interpretation with his formulas, he will prob- 
ably find contradictions. Being a mathematician, 
however, he will believe in his theory, despite these con- 
tradictions. He will realize that he will never be able 
to find the true interpretation of his theory, which he 
completely masters by means of mathematics. All that 
remains to him is the faith that there is some more 
powerful intelligence than his which understands not 
only his abstract theory but also its true interpretation. 

In a manner similar to the plight of the blind mathe- 
matician above, it is beyond the capacity of our human 
brain to interpret the answers we found to the questions 
concerning the mystery of the structure of the universe. 
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A consideration of the environment of space, per se; the movement to, 


through, and back from this environment; and the time factor involved in 


space operations reveals the interscience ramifications of space medicine. 


interrelations of Space Medicine 


With Other Fields of Science 


Hubertus Strughold, M.D. 


Randolph Ajir Force Base, Texas 


ve INTERRELATIONS of Space Medicine with other 
fields of science may be best understood by starting 
with a brief consideration of its parent discipline, 
Aviation Medicine, or even with a brief review of the 
historical development of medicine in general. 

At the dawn of human history, or at the time of the 
cavemen, medicine was essentially a primitive art of 
healing interwoven with mythology and astrology. 
With growing knowledge in the anatomy and physi- 
ology of the human body and in the natural sciences, 
this mystical kind of “‘medicine’’ had to give way toa 
rational, scientific line of thinking, which eventually led 
to the develpment of various branches and specialties. 
First, a differentiation of the original general medicine 
into surgery and conservative internal medicine became 
evident. The invention of the microscope and the 
development of new physical and chemical methods 
quickly broadened the knowledge of the human body. 
A multitude of subdivisions of medicine with respect to 
different anatomical organs and functional systems was 
the result. With the development of modern tech- 
nology, transport, and travel, a specialization could be 
observed with regard to a specific occupation and en- 
vironment such as industrial medicine and _ tropical 
medicine. One of the most important medical branches 
in the category of environmental medicine is aviation 
medicine which started some 40 years ago and has 
definitely aided the engineer and the flyer in the con- 
quest of the air ocean, or aeronautics, according to its 
motto volanti subvenimus. 


This paper was presented at the Space Medicine Session of 
the IAS 26th Annual Meeting, N.Y., January 27-30, 1958. 


The author is Adviser for Research, Air University, School of 
Aviation Medicine, USAF. 
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And now, with the rocket at our disposal, astro- 
In fact, we 
have already penetrated deeply into space immediately 
around us with unmanned research vehicles. And we 
have had manned flight operations of the space equiva- 
lent variety for the past several years. Manned space 
operations of the satellite type, lunar operations, and 
interplanetary and planetary operations are the logical 
further developments. All of these missions which will 
carry man completely out of the atmospheric environ- 
ment so vital to him will pose medical problems unheard 
of in human history. That new medical field which 
studies the human factors involved and pertinent pro- 
tective measures required in the penetration of space is 
space-flight medicine or, briefly, space medicine—a 
branch or an extension of aviation medicine. It is the 
mission of space medicine to contribute to the develop- 
ment, safety, and efficiency of manned space flight or 
astronautics. Space medicine can, therefore, also be 
called bioastronautics following a motto astronautico 
subvenimus. 

The relations of space medicine, or bioastronautics, to 
other fields of science can easily be concluded from the 
definition of astronautics—the art and science of the 
design, production, and operation of spacecraft. The 
space doctor, therefore, consults with the engineer in 
preliminary design studies; he is able to give advice in 
the construction or engineering phase and will be largely 
responsible for the selection, indoctrination, and care of 
the crew in actual space operations and during return. 
These space operations include, primarily, manned 
operations, but some medical problems are involved in 
unmanned missile operations too. Thus, space medi- 
cine is more or less associated with all conceivable 
developmental lines of the rocket (from the simple one- 


nautics, or the conquest of space, is in sight. 
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stage protorocket to the hypersonic ballistic vehicle 
flying in the space equivalence zones of the atmosphere), 
biosatellites, and finally, the space ship as the final de- 
scendant on the geneological family tree of rocketry. 

I shall confine my discussion to three characteristics 
or elements of space operations: 


(1) Space as an environment per se. 

(2) The process of movement to, through, and re- 
turn from this environment. 

(3) The time factor involved in space operations. 


These factors clearly reveal the ramifications of space 
medicine with other fields of science and offer us a com- 
plete panorama of the medical problems involved in 
space operation. 

First, let's take a look at the environment per se. 
With regard to the physics of the upper atmosphere and 
near space, space medicine depends on exploratory tasks 
carried out in high-altitude balloons, sounding rockets 
and rockoons. This brings space medicine into im- 
mediate contact with geophysics and astrophysics, and 
with the research program of the Geophysical Year. 

We know that the particle density in the area from 
the sun to the nearest star, Alpha Centauri, is about one 
particle per 1 cm.*. This is almost a perfect vacuum. 
To simulate such a condition of emptiness, space medi- 
cine must resort to the field of vacuum technique. The 
best vacuum obtainable on earth is in the order of 10-* 
mm. Hg. By convention the technical vacuum begins 
with 1 mm. Hg down. But physiologically the vacuum 
begins with about 47 mm. Hg which is the “boiling 
point” of water at the body’s temperature of 37°C. 
This pressure corresponds to an altitude of 19 km. 
(63,000 ft.). This fact is the first impressive indication 
of what is in store in space from the standpoint of 
human physiology and biophysics. The atmosphereless 
environment of space requires, of course, the creation of 
an artificial or simulated atmosphere in a completely 
closed or sealed cabin for the crew. The development 
of such a cabin based on experimental studies in space 
cabin simulators brings space medicine in contact with 
the aircraft and high-altitude chamber industry, the 
air-conditioning industry, and submarine physiology. 
But the inside-the-cabin story in such a closed ecological 
system is only part of the real situation. Some of the 
problems will result from factors from the outside 
environment, such as the thermal, visible, and ultra- 
violet portion of solar radiation, cosmic ray particles, 
and meteorites. Here again, close cooperation with 
astrophysics, physiological optics, radiobiology, and 
meteoritics is a vital necessity. Experiments with arti- 
ficial meteorites (experimental meteoritics) and their 
impact upon cabins may provide some clues for the pro- 
tection of the crew. This is only a rough outline of the 
space medical relations which suggest themselves when 
we consider merely the space milieu as such. 

The picture broadens when we take into account the 
process of movement to, through, and return from this 
environment. First, to get into space, powerful pro- 
pellants of the chemical and/or of the nuclear type are 


required. This poses questions concerning toxicity of 
fuels and radiation hazards. Since the fuel must be 
spent in the first few minutes after take-off to throw a 
vehicle into the higher levels of, or even outside, the 
so-called gravitational crater of the earth, high accelera- 
tions occur during this time. Furthermore, decelera- 
tions are encountered during atmospheric re-entry. The 
study of their medical implications and of protection isa 
subject matter of biodynamics. In this respect we can 
also resort to the rich experiences that have been gained 
in experiments on large human centrifuges and on sleds. 
The hypersonic speed of a space vehicle through the 
atmosphere on both ends of the trajectory involves 
thermodynamics and thermochemodynamics. 

Short flights of rocket-powered craft confined to the 
aerodynamically effective altitude range of the atmos- 
phere follow, to some extent, the laws of ballistics. But 
above the mechanical border of the atmosphere which 
lies at about 120 to 140 miles, we enter the region of the 
Kepler regime, the arena of the artificial satellites. Now 
we deal with the laws of planetary motions or celestial 
mechanics. Actually, in contrast to theoretical celes- 
tial mechanics developed in astronomy, it is now experi- 
mental celestial mechanics with which we deal in astro- 
nautics and bioastronautics.” The medical problem par 
excellence involved in Keplerian trajectories is that of 
tolerability of weightlessness. For short periods of 
time we study this question in ballistic or parabolic tra- 
jectories in jet planes within the atmosphere. We 
make comparative studies in swimming pools. But 
weightlessness in its true sense and over longer periods 
of time occurs only in flight operations above the me- 
chanical borders of the atmosphere. Here we enter the 
world of permanent weightlessness. The study of this 
phenomenon involves both physiology and psychology. 
Since the function of the gravireceptors of the human 
body is eliminated in the nongravitational state, and 
the photoreceptors, or the eyes, are the only sense 
organs on which orientation in space depends, physio- 
logical and psychological optics may have something to 
say in the design of the cabin’s instrumentation for 
navigation. 

Flight operations outside the atmosphere deal ex- 
clusively with the gravitational fields of the various 
celestial bodies. Their effects are governed by Isaac 
Newton’s law of gravitation. The atmosphere, as a 
navigational medium, is replaced by the spheres of pre- 
dominant gravitational influences or gravispheres of the 
celestial bodies. Eventually, the escape velocity will 
push a vehicle beyond the gravitational control zone of 
the earth and this will lift space operations from the 
level of satellite operations or geocentric orbital flights 
to escape operations into the gravispheres or gravita- 
tional territories of other celestial bodies. 

With this development, the time element obtains 
greater importance. Time and space flight is often 
associated with Einstein’s theory of relativity concern- 
ing time dilation and aging at near light speed. But we 
find many important time problems in more realistic 
space situations within the confines of our planetary 
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system. First, in all kinds of true space operations 
there is no natural day and night. An artificial day- 
night cycle of a physiologically acceptable pattern, 
therefore, must be provided for the crew to keep it 
healthy and efficient. Thus, the science of biological 
rhythms enters the area of space medicine. Space op- 
erations of longer durations pose problems from the 
standpoint of logistics concerning food supply and the 
chemicals required for the regeneration of the cabin's 
air. Flight durations exceeding several months will re- 
quire biological gas exchangers based on natural or 
artificial photosynthesis, so plant physiology and photo- 
chemistry will play a role in bioastronautics. And last 
but not least, the confinement and isolation in the crew 
compartment of the space vehicle, separated from the 
earth for a longer period of time, will pose interesting 
problems for the space psychologist. 

In this respect, communication with the earth 
through the radio window of the ionosphere will be an 
important psychological factor. At this point I would 
like to add that telemetering of physiological data in 
animal experiments in ballistic and orbiting rockets is a 
new feature in physiological methodology. 

So far we have enumerated interscience relations of 
space medicine resulting from the medical, physiologi- 
cal, and psychological problems as they can be expected 
during the active, passive, and atmospheric reentry 
phase of space flight. 

Now, it is not the sole purpose of space operations to 
roam around the void of interplanetary space; rather, 
it is the final goal of astronautics to approach and con- 
tact other celestial bodies such as the moon, Mars, and, 
perhaps, Venus. This brings space medicine to a 
scientific line which we might call planetary ecology. 
In this, there are two aspects involved: 

(1) What kind of environment would an astronaut 
find, for instance, on Mars with regard to himself; and 
what protective measures would he have to take to in- 
sure his survival? This involves human physiology, 
and, since the air pressure on the surface of this planet 
is about 70 to 80 mm. Hg corresponding to an altitude 
of 55,000 ft. in our atmosphere, it would specifically in- 
volve high altitude physiology, the development of 
oxygen equipment with pressure breathing, and/or 
pressure suits. 

(2) The second question of interest to an astronaut 
and also of general human interest is that of the exist- 
ence of indigenous life on other celestial bodies. This 
specific field of planetary ecology is also called astro- 
biology. Physical ecology studies an environment as to 
its suitability for the existence of life. Such a study in- 
cludes all the various ecological factors such as tem- 
perature; light; the occurrence of liquid water; and the 
presence of oxygen, carbon dioxide, and other life- 
supporting chemicals. The ecological law of the mini- 
mum and maximum as the limiting cardinal points must 
be the guiding principle in these considerations. Its 
application is decisive for the question whether or not 
life is conceivable in any physical environment. This 
leads to a zonal aspect of the ecological conditions in the 
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solar system and, as a result, to the assumption of a 
general life zone, or ecosphere, consisting of various belts 
such as biotemperature belt, biophotic belt, liquid water 
belt, and an oxygen belt concerning the physics and 
chemistry of planetary atmospheres. The oxygen belt 
includes Venus, Earth, and Mars. The outer planets 
form a hydrogen belt. The existence of these two photo- 
chemical belts can be understood only on the basis of a 
study of the historical evolution of the earth’s proto- 
atmosphere, some 2!/, billion years ago, to the present 
day atmosphere or neoatmosphere in which we live. 

This zonal ecological aspect is not only of interest 
concerning the celestial bodies but also with regard to 
the space between them, namely, interplanetary space. 
For instance, a space vehicle in the region of Venus en- 
counters radiation conditions very different from those 
found at the orbital distances of Jupiter and, therefore, 
requires different measures for temperature control of 
the environment inside the cabin. This subject matter 
is part of a kind of ecological geography of interplane- 
tary space or, more to the point, an ecological spa- 
tiography. 

Returning to the planets in astrobiological studies we 
must not only consider the physical environment alone, 
but we must also take into account the possible re- 
actions and the capabilities of living matter to adapt 
itself to a certain environment. This line of thought 
is called physiological ecology. Such studies lead to the 
vast field of physiological adaptations in the animal and, 
especially, the plant kingdom for comparison. With re- 
gard to the specific climate on Mars with its lack of 
oxygen, scarcity of water, and very severe day-night 
temperature variations, we must consider specific 
structures of the plants, if there are any, for storing 
photosynthetically produced oxygen such as _ inter- 
cellular air spaces as they are found especially in our 
aquatic plants, storing of carbon dioxide, storing of water 
as in our desert plants, strong absorbing power of the 
plant surfaces for infrared rays for temperature control, 
hibernation, andsoon. All this calls for a closer respec- 
tive examination of our terrestrial plants. American, 
French, and Russian astronomers have made compara- 
tive spectrographic studies on the green areas on Mars 
and terrestrial plants concerning the absorption bands 
of chlorophyll. If the astronomers were in the position 
to avoid the blurring effects of the earth’s atmosphere 
and the telluric lines in their spectrographic studies, 
major progress in these studies would be realized. 
Space medicine has developed sealed gondolas attached 
to high-altitude balloons for such transatmospheric 
observatories. In this way astrobiology becomes a 
meeting place of astrophysics, spectrography, botany, 
and space medicine. Recently studies have been 
carried out on the survival of terrestrial microorganisms 
like bacteria in simulated Mars atmospheres. This ex- 
perimental astrobiology combines planetology and 
microbiology. 

Actually, astrobiology leads us to the very funda- 
mentals of life itself as we know it, based on carbon as 

(Continued on page 37) 
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Republic Aviation Corporation 


i AT ALTITUDE became a problem some 50 odd 
years ago when Wilbur and Orville Wright gave us the 
flying machine. Balloonists before then had established 
certain basic problem areas of human frailties and limi- 
tations, but the airplane intensified these problems. 
For example, today we are flying higher, faster, and 
farther than ever before. Today we have the equiva- 
lent of 35,000 to 45,000 hp. in our aircraft engines as 
compared with 3,000 hp. which was the best our pis- 
ton-type engine of World War II could develop. To- 
day we can travel nonstop around the world in 45 hours 
and 19 min. Today we exceed Mach 2, tomorrow 
Mach X. Today we must plan for tomorrow. What 
will be some of the limiting factors against which we 
must contend in our efforts to progress? Depending 
upon point of view, the answers will be many and 
varied. High on the list will undoubtedly be such 
items as fuels, materials, structural stresses, power 
plant, etc. However, the one constant limiting factor 
will be man himself. Since it is totally alien to our 
way of life to consider man expendable our progress will 
be determined by how well we can provide for his well- 
being even while we research the unknown. There- 
fore, we must examine this man not only critically but 
also sympathetically as an integral part of this vastly 
complex machine—the airplane. 

What does a closer look at the individual—the pilot, 
the crew member, or the passenger—reveal? He is 
capable of adjustment to his terrestrial environment. 
He is constantly making adjustments for changes in 
external temperatures, for varying amounts of physical 
activity, for motion in space, for postural changes in 
relation to gravity, and for changing energy require- 


This paper is a digest of an address made to the New York 
Section of the IAS on December 11, 1957, at the Garden City 
Hotel, Garden City, N.Y. 

The author is a Design Safety Specialist. 


SURVIVAL AT HIGH ALTITUDES 


A discussion of the problem areas— 

pressure change, temperature variations, 

and high speeds—and their interrelationships 
existing in high altitudes. 


ments. In aviation, however, the demands upon the 
compensatory mechanisms of the body are numerous 
and of considerable magnitude. Often the demands 
made upon the system far exceed the capability to meet 
the situation. We cannot progress far nor can we 
carry on for long if we disregard or minimize the posi- 
tion of man in this problem. Certainly we must at 
least provide man with basic protection against the 
hostile forces and environment to which he will be ex- 
posed. These environmental changes of greatest phys- 
iological significance in flight are: 

(1) Changes in barometric pressure—with the re- 
lated problems of hypoxia, dysbarisms (decompression 
sickness), respiratory and circulatory problems, and the 
inherent problem of cabin (atmosphere) pressurization. 

(2) Variations in temperature. 

(3) Movement at high speeds in three dimensions. 

It is not the intent of this paper to present a detailed 
discussion of all factors of these problem areas, but an 
attempt will be made to show some of the interrela- 
tionships. 

If we compare the atmosphere with an ocean of air at 
least 100 miles deep, we have done little more than hop 
around on the bottom. The maximum commercial 
flights and combat operations of World War II were at 
altitudes of 20,000 to 25,000 ft.—roughly only 5 miles 
above the earth. Today’s aircraft, both military as 
well as commercial, have not progressed much further. 
(Even the advances in rocketry and space vehicles have 
done little more than take one more hop.) As recently 
as the early 1950’s, flight activity was, for the most 
part, confined to the troposphere. The stratosphere 
was the frontier penetrated by dedicated men in the 
most advanced aircraft, and the ionosphere was left to 
shooting stars and rockets. Today, you know that 
these low altitudes of the troposphere are a thing of the 
past, but one must crawl before he can walk and run. 
However, it is in these low-altitude flights, up to 40,000 
to 45,000 ft., that we encounter the many problems of 
human life. 

What does an examination of this ocean of atmos- 
phere reveal? The decrease in atmospheric pressure 
is very rapid, so much so that by the time one has passed 
through the 34,000-ft. level, three-fourths of the total 
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air mass, and approximately 90-95 per cent of all water 
vapor content, has been left below. The temperature 
decreases at a relatively constant rate of 2°C./1,000 
ft., until a temperature of approximately —55°C. is 
reached. Practically all weather occurs in the tropo- 
sphere. There are turbulence, icing, and winds which 
reach velocities as high as 200 miles hour. You know 
them as jet streams. The stratosphere, on the other 
hand, is characterized by having a temperature of at 
least —55°C., little or no water vapor, no turbulence, 
possibly some horizontal winds, but no major vertical 
disturbances. What then, are some of the problems 
arising from these conditions? 

Of prime importance is the decreasing partial pres- 
sure of oxygen with decreasing atmospheric pressure. 
At ambient pressures up to 10,000 ft., man can perform 
reasonably effectively if he does not stay at the higher 
level of 10,000 ft. for more than 4 or 5 hours while 
breathing the ambient air. Above this level it is im- 
perative that pilots, crew members, and passengers in- 
hale supplemental oxygen in order to maintain effi- 
ciency and to prevent performance deterioration. The 
condition known as “hypoxia” will result when the 
partial pressure of oxygen drops below 2 psi. The 
physical and mental capacity of an individual is con- 
trolled by the partial pressure of the available oxygen. 
The onset of hypoxia is insidious. There is no warning. 
There is no pain. There is a gradual decrease in mental 
agility, and effective physical activity resulting in fa- 
tigue, drowsiness, and sluggishness. Coordination is 
lost. Visual acuity is decreased. The individual loses 
his most precious asset—the ability to analyze and self- 
evaluate critically. Clear judgment is not possible. 
An extended period at altitude will increase the severity 
of these conditions and produce other more serious and 
disastrous consequences: nausea, headache, collapse, 
coma, and, ultimately, death. 

As in all things, there is individual variation in the 
amount and extent of disability accompanying a given 
degree of hypoxia. However, the data of Table 1, a 
result of years of observation of normal, young, healthy 
men of the USAF, will serve to emphasize the dangers to 
anyone exposed to hypoxia. 


TABLE 1 
Altitude 
(thousands 
of ft.) Behavior Characteristics 


0-5 Normal behavior, fatigue on long exposure 
5- 8  Undetectable behavior change on short exposure (30 
min.) ; headache, fatigue if prolonged exposure 
8-11 Detectable behavior changes on exposures exceeding 
1 hour 
11-20 Considerable handicap in 15 min. (especially above 
16,000) preceded by such symptoms as sleepiness, 
headache, dizziness, impaired vision, personality 
changes, impaired judgment, loss of muscular 
coordination, increased pulse and respiratory rate, 
and cyanosis 
20-25 All of the above in more serious and acute fashiou 
with serious handicap within 3-10 min 
25-30 Individual in danger of *mminent collapse in 3 min. 
(or less) 
30-40 Individual in danger of imminent collapse in 1 min. 
(or less) 
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This data applies to the resting individual. Add 
other stress factors such as exercise (work), postural 
requirements, carbon monoxide and carbon dioxide con- 
centrations, alcohol, excessive use of tobacco, and heat 
and cold, and the dangérs have been compounded. 

In view of these data, commercial airlines have pres- 
surized their aircraft so that an artificial environment 
not to exceed 8,000 ft. can be maintained in the cabin. 
This is referred to as the ‘‘cabin altitude’’ as differen- 
tiated from the ‘‘ambient altitude,’’ which may be as 
high as 36,000 to 40,000 ft. Combat aircraft use simi- 
lar systems, but maintain different cabin pressure rela- 
tionships. In military aircraft, the use of oxygen masks 
and systems is necessary in addition to pressurization, 
since at altitudes over 10,000 ft. supplemental oxygen is 
an absolute requirement. While pressurization, and in 
the case of military aircraft, oxygen systems, minimize 
the dangers of hypoxia, there is introduced the very 
real danger and hazard of the sudden loss of pressure 
from the cabin. It is possible to ascend to altitudes 
“ here, even with supplemental oxygen, survival is not 
possible unless the delivery of the oxygen is under a 
positive pressure, and even then it must be pointed out 
that the human can tolerate only so much positive pres- 
sure without counterpressure. These, of course, are 
military and not civilian problems, but if we are to con- 
quer space, these problems must be met and resolved. 
To this end, both the USAF and the U.S. Navy are 
working on pressure-suit equipment. 

Cabin pressurization helps to overcome another real 
and vexing problem, decompression sicknesses. With- 
out pressurization the human body will react according 
to the laws of physics with which we are all familiar: 
Boyle’s law for expanding trapped gases, Henry’s law 
for solubility of gases; Dalton’s law of partial pressures 
and resultant oxygen deficiency. When one considers 
that the body gases are wet gases, the problems are 
even greater. Aeroembolism, commonly referred to as 
“bends,” is similar to the well-known condition of cais- 
son disease. The nitrogen, dissolved in tissues and 
blood stream under atmospheric pressure, comes out of 
solution with pressure decrease, according to Henry’s 
Law, and these bubble formations, as long as they form 
outside the circulating blood, will result primarily in 
considerable pain. This pain may be so severe as to 
produce collapse. Usually there are multiple collec- 
tions of gas, generally at the moving joints such as 
knees, elbows, fingers, and sometimes in deep muscle 
tissue. Hence there are several areas of pain, and it is 
most urgent that the individual descend to lower alti- 
tude and higher pressures to force the nitrogen back into 
solution in body fluids. In general, the occurrence of 
this is at altitudes in excess of 30,000 ft. If the nitrogen 
bubbles form to any great extent within the circulatory 
system itself the condition is even more serious and will 
lead to central nervous system collapse. Descent to 
lower altitude is an absolute requirement if life is to be 
sustained. 

A condition referred to as “‘chokes’’ results from the 
same mechanism of nitrogen bubble formation but is 
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The sensation 
of not being able to breathe, accompanied by a racking, 
hacking, unproductive cough with deep substernal burn- 
ing pain, indicates chokes. Immediate descent and 
100 per cent oxygen is indicated. However, as has 
been indicated, successful cabin pressurization mini- 
mizes these problems. But what happens if cabin 
pressurization fails? One of the important things in- 
volved in loss of cabin pressure is the rate at which 
pressurization will be lost. If it is lost slowly by a leak, 
instrumentation will usually indicate this, and proper 
procedures can be initiated—the most important of 
which is descent. If, on the other hand, the cabin 
pressurization is lost very suddenly—in seconds as 
might result from the loss of a window or door, or gun- 
fire piercing the sealed compartment—the altitude at 
which this happens and the pressure differentials and 
air densities will be the critical features, for in a matter 
of seconds, the occupant or occupants, will literally be 
rocketed from the comparatively safe altitude of the 
cabin to the ambient altitude of the aircraft. Should 
this occur as low as 30,000 ft., the time of useful con- 
sciousness is measured in minutes, usually less than 2. 
Descent procedures must be initiated immediately. 
Supplemental oxygen must be immediately available. 
The intense cold of high altitudes (—55°C., —67°F. at 
35,000 ft.) will prevail. The physics of gas laws will 
become operative. 

Consider for a moment transport in high-altitude air- 
craft. The problems inherent in the situation are not 
for future considerations. They are upon us now. 
They must be solved now. The contemplated use of 
jet airliners for commercial air transportation should 
serve to emphasize the urgency of the need for adequate 
controls and procedures in dealing with the problems of 
reduced barometric pressures. The large number of 
passengers involved in a single commercial operation 
would further complicate a relatively simple military 
matter, for in the very factor of numbers is added the 
confusing pattern of varying ages, temperaments, 
states of health and well-being, and abilities to react to 
emergencies inherent in so heterogeneous a group. 

Consideration of passenger requirements for emer- 
gencies in commercial jet aircraft usually brings to mind 
the British experience with the Jet Comets. The 
Comet disasters point up one type of accident which will 
resultin majordamage. Any attempt to reduce the out- 
come of such a disaster once it has occurred will be in- 
effectual. All engineering efforts and accomplishments 
must be directed to the prevention of such disasters. 
Even the minor damage incident such as a cabin leak or 
a window failure will produce serious consequences to 
the well-being of the passengers and crews of airliners 
when traveling at altitudes above 25,000 ft. unless 
proper precautionary measures can be or have been 
taken. 

Human physiological limitations to high-altitude 
flight have been indicated by Table 1. The obvious 
solution is to maintain a cabin altitude of not more than 
8,000 ft. if passenger safety and comfort are to be pro- 
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vided. However, it must also be obvious that the in- 
creased pressure differentials increase the possibilities 
for decompression and the greater the differential of 
pressures the more severe the consequences on the pas- 
sengers and crew. Immediately after the decompres- 
sion emergency oxygen must be provided for the pas- 
sengers and steps to initiate descent must be taken by 
the crew. If supplemental oxygen is not immediately 
available to passengers and crew after a rapid -decom- 
pression, hypoxia will prevail in a very short period of 
time. 

Referring again to Table 1 it becomes apparent that 
an exposure of from 5 to 10 min. to an ambient altitude 
of 15,000 ft. will result in a very serious handicap to most 
individuals. Since one of the side effects of hypoxia is 
to produce a false state of well-being, an ‘‘all’s right with 
the world” attitude, the individual suffers a double 
jeopardy—(1) hypoxia and (2) an inability to recognize 
itfor what itis. Coincident with a condition of hypoxia 
is the available time of useful consciousness. By this 
is meant that time during which the individual would 
be capable of performing those things necessary for self- 
preservation. With respect to time of useful con- 
sciousness there isn’t much variation from individual to 
individual so that the following represents a generalized 
picture of human capabilities when one is suddenly ex- 
posed to ambient altitudes above 20,000 ft. : 


Altitude (Ft.) Time of Useful Consciousness* 


22,000 7-10 min. 
25,000 3-5 min. 
30,000 1 min. or less 
35,000 20 sec. 

above 35,000 9-12 sec. 


There are other problems involved in high-altitude 
flight besides hypoxia. One of these is ““‘bends”’ and its 
seriousness has been indicated. The possibilities of 
bends incidence in a group of passengers who have been 
breathing cabin air at 4,000 ft. to 8,000 ft. and suddenly 
find themselves at 35,000 ft. or even higher is extremely 
great. Experience with military has shown that with- 
out proper denitrogenation bends will occur within 10—- 
12 min. for 30 per cent of the population when exposed 
to altitudes of 30,000 ft. to 40,000 ft. and could reach 
50 per cent in 15-20 min. In an unselected population 
the onset of bends might conceivably be more rapid and 
more severe. These facts will certainly have a great 
bearing upon how high flight might be continued in the 
unpressurized state. 

Rapid or explosive decompression of airliner pres- 
surized cabins will require immediate emergency pro- 
cedures if the decompression occurs above 20,000 ft. 
One of the incapacitating factors after a decompression 
could be the effects of expanding gases in the gastro-in- 
testinal tract. This could become very painful and, 
depending upon the time at altitude and the altitude 
itself, will become a problem with a variable percentage 
of the population. Human tolerance to gas expansion 


* This is true for the resting passenger. Work, activity, 
anxiety, apprehension will cut these times in half. 
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in tissue structure is roughly 2.5 times normal. It 
might be pointed out that the difference in pressures 
from 8,000 ft. (10.91 psi) to 40,000 ft. (2.72) would result 
in a relative gas expansion 5.5 times the original. 

Referring again to the temperature conditions pre- 
vailing at high altitudes, we are faced with yet another 
problem area. Regardless of the temperature varia- 
tions on the earth’s surface, whatever the sweltering 
temperatures are at sea level, it is always intensely cold 
above 35,000-40,000 ft., even above the equator. 
Every flight into the stratosphere will mean that tem- 
peratures of at least —55°C. (—67°F.) will prevail. 
These extremely cold temperatures require additional 
protection in the form of heated cabins for all personnel 
flying in the aircraft. At these temperatures frostbite 
will occur in only a few minutes. 

The question of human tolerance to temperature ex- 
tremes under varying degrees of humidity remains one 
of the great problems confronting the aviation physiolo- 
gist. Recovery from wounds suffered by gunfire is 
often more easily achieved than recovery from damage 
incurred as a result of frostbite. 

Speed of itself produces no objective or subjective 
effects so long as the velocity and direction remain con- 
stant. With the earth rotating once in 24 hours, each 
of us is traveling at a speed of approximately 1,000 
miles an hour while we move about on the surface of the 
earth. A passenger traveling in an airplane in straight 
and level flight is not conscious of the sensation ‘‘speed.”’ 

The human problems arise in getting the airplane up 
to a constant speed (acceleration), and in slowing it 
down (deceleration). Each of us is familiar with the 
sensation produced by stepping on the accelerator of an 
automobile. The same is true in launching an airplane 
by catapult. It is possible to tolerate terrific speed if 
the increase in speed is gradual and the force applied 
over a considerable time. The sudden deceleration pro- 
duced by crash landing is the crucial problem in linear 
deceleration. Thus the problem of deceleration is in- 
itially one of providing a smooth constant deceleration 
over as long a period of time and at as great a distance 
as possible. In addition to the gravitational forces 
existing during acceleration and deceleration, the force 
of gravity acts on the human body when a change of 
direction is made. It was early determined that the 
maximum human tolerance to this gravitational force 
was between 4g and 7g for periods over 4-5 sec. In 
other words, the weight of the blood in the body would 
increase along with the other body elements so that the 
heart would not be capable of forcing blood up into the 
head. The net result is, first, a loss of vision, called 
blackout; secondly, if continued long enough, the loss 
of consciousness itself. It became apparent that in 
order for airplanes to travel at high speeds and yet be 
maneuverable, the pilot needed protection against the 
gravitational force produced by turns at high speeds. 
For the military pilot a ‘“‘g-suit’’ was developed during 
World War II as a means of combating the gravitational 
forces. At the most, these suits were capable of increas- 
ing the g tolerance by 1-1'/.g. In any attempts to al- 
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leviate the effects of g forces, it must be remembered 
that human tolerance to these forces is a function of 
such factors as the magnitude of the acceleration, the 
duration of the exposure, the rate of change of the ac- 
celeration, the distribution of the force over the body, 
and, last but by no means least, the orientation of the 
body with respect to the imposed forces. It is also 
most important to bear in mind that the pilot’s reaction 
time and/or ability to function is not characterized by a 
gradual deterioration due to progressive failure but 
rather is a representation of the inability of the total 
organism to compensate for the effects of the stress im- 
posed on it. He is simply overwhelmed. 

As flights of greater duration become possible, the 
problem of fatigue comes to the fore. The use of two 
or more pilots could be a way to answer this problem 
and simplify the pilot’s job, but, in recent years, aircraft 
have been developed capable of sustained flights greater 
than 24 hours duration, and we must not forget in-flight 
refueling. Pilot efficiency must be at its best to make a 
successful landing, and hence, flights of long duration 
place a greater strain on the pilot than the same number 
of hours spent at intervals in the air. Not only the 
pilot, but the radar operators, navigators, and engineers 
face a similar problem. Extensive psychological re- 
search is going on to determine the periods of time dur- 
ing which a man can perform a given complex task with 
maximum efficiency. A concomitant problem is the 
investigation of control knobs, instrument displays, and 
all types of devices designed for use of aviators, with a 
critical evaluation of the “‘human engineering’’ require- 
ments and, if necessary, a redesign of equipment so 
that it can be used with the greatest efficiency and the 
least fatigue. 

This factor of fatigue cannot be overlooked or mini- 
mized. It is a potent weapon against the pilot and 
crew and shows up in many ways—physically, men- 
tally, and psychologically. Unfortunately the pilot and 
crew usually are unaware of the signs at the time. For 
example, the fatigued pilot, while he may complete the 
necessary operations, requires greater than normal 
stimuli to establish the appropriate responses. There 
will probably be errors in his timing, some elements in a 
task sequence will probably be overlooked, accuracy 
and smoothness of performance will deteriorate. These 
are just a few of the skills which suffer from fatigue. 

In this present age of high-speed jet aircraft a mo- 
ment’s hestitation or a human error is much more seri- 
ous than in slower propeller-driven aircraft. Consider 
for a moment traveling in an aircraft at 1,800 m.p.h. 
Something suddenly appears ahead of the aircraft. It 
will actually take the pilot 0.4 sec. total time for central 
perception and action during which time he would have 
travelled 1,042 ft. If he had to recognize friend or foe 
it would take at least 0.8 sec. additional and he would 
have traveled another 1,952 ft. If two aircraft are on 
collision course when they break out of clouds, 1,800 
m.p.h., 3,000 ft. apart, they would crash before any- 
thing could be done about it. If they were only 500 ft. 
apart they would collide without either pilot ever hav- 
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ing seen the other. The fatigued, inattentive, preoc- 
cupied pilot writes his own ticket. Unfortunately 
many others are involved in the ultimate outcome of any 
lapses or shortcomings. 

Probably everyone who has flown has experienced an 
attack of slight nausea and an uncomfortable feeling 
from the strange motions produced by rough air. 
Motion sickness has been the subject of a great deal of 
research. It can be separated into at least two sepa- 
rate and distinct entities. There are a group of people 
who have a predisposition to motion sickness. These 
individuals become carsick or trainsick, as well as air- 
sick and seasick. Little, if anything, can be done for 
these people, but fortunately, they comprise only a 
small number of the population. The other form of 
motion sickness arises primarily from apprehension, 
and is commonly found in novice air travelers and stu- 
dent pilots. It disappears as experience and confidence 
increase and is to be regarded as a normal occurrence. 
In short, everyone is subject to motion sickness at 
times, but some people have it all the time. 

An interesting physiological problem will arise in all 
flights above 12 miles, 63,000 ft., (sometimes referred 
to as the Armstrong line) since it is at approximately 
this altitude and at body temperature that gases come 
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out of solution rapidly. (The popular but mistaken 
version is that blood ‘‘boils’’ at an altitude of 12 miles.) 
Of course, pressure cabins could be perfected to the 
point of increasing the effective atmospheric pressure 
within the cabin to some lower equivalent altitude, but, 
for emergencies, the individual must be given some ad- 
ditional protection. This protection is now available to 
the military pilot. On December 13, 1956, Major 
Arnold I. Beck made an ascent to an equivalent 198,770 
ft. ambient in the High Altitude Research Chambers 
at Wright Air Development Center. Major David 
Simons made his balloon flight to 102,000 ft. with full 
protection in the event of gondola failure. Lewis and 
Ross of the U.S. Navy have made at least two flights 
above 75,000 ft. in a gondola carried aloft by balloon 
and Capt. Iven Kincheloe has flown in the Bell X-2 to 
126,000 ft. Each was fully protected in the event of a 
cabin pressurization failure. It might be said that 
flight in vacuo is theoretically possible, although there 
are many practical considerations to overcome: fuels, 
propulsion, sustaining life, etc. 
What does the future hold for us? 
tain. 


One thing is cer- 
The future in aviation today is not as uncertain 
to us as it was to the Wright Brothers 50 years ago. 
The sky is the limit! 


+> 


interrelations of Space Medicine (Continued from page 32) 


the structure atom of living matter. And it stimulates 
speculations about the possibility of life based on other 
atoms than carbon. This extra carbonic biology offers 
a prolific substratum for science fiction, which may not 
be so fictitious after all. All this shows the great 
multitude of aspects and scientific interrelations in the 
field of planetary ecology or astrobiology. 

Now, what is the use of all these studies? To answer 
this, I would like to refer to an example in the inanimate 
world. Helium was not discovered first on the earth. 
Rather, the existence of this element was postulated 
from a strange yellow line in the spectrogram of the 
chromosphere of the sun in 1868 and consequently was 
given a name derived from the Greek word for the sun, 
Helios. About 25 years later in 1894 helium was found 
on the earth also. In the same way, comparative 
spectrographic studies on the surfaces of Mars and on 
the inorganic and organic surface features on earth may 
furnish information to geology and botany which is not 
available as yet. 

The same may be said of the study of the medical 
problems involved in space operations. Even if manned 
space flight were never to become a reality, studies of 
this kind with an extraterrestrial cosmic trend might be 
very valuable to us. The study of the cosmic rays has 
already contributed considerably to our knowledge in 
radiobiology. Eliminating gravity experimentally 


might increase our knowledge about the coordination 
of our statokinetic reflexes and of the movement and 
orientation of our bodies under normal gravitational 
conditions just the same as the elimination of the vita- 
mins in food has brought about the knowledge of their 
function. In fact, we do not find in the physiological 
textbooks, monographs, and handbooks the words 
“zero gravity” or ‘‘weightlessness,”’ and yet this condi- 
tion is involved in the “fall reactions’ of cats, etc., 
which are described at length in these publications. 
Apparently, it was overlooked until space medicine 
brought it to light. 

So, it can be hoped that space medicine will make its 
contribution to medicine in general, and to the many 
border fields to which it is related, just the same as its 
parent discipline aviation medicine has done in various 
biomedical fields such as in the physiology of respira- 
tion, blood, and circulation. But manned space flight 
is on its way in its first phase; space equivalent flight, 
and manned satellite flight soon may be in full orbital 
swing. It is interesting to see that medicine which, at 
the time of the caveman, was in close association with 
astrology is now in the version of space medicine re- 
lated to astronomy. This association with matters of 
extraterrestrial celestial nature is perhaps the most 
striking feature in the interrelations of space medicine 
with other fields of science. 
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The Development of Satisfactory 


Spin Characteristics 


for the T-37 


From the beginning, the T-37 was beset with spin 
problems because of type specification requirements and 
the design philosophies adopted to satisfy them. 


+ an T-37 is an airplane designed for primary phase 
training of Air Force pilots. It is the result of a com- 
petition conducted in 1952 which required handling 
qualities and spin characteristics according to military 
specifications. For spins these requirements for a pri- 
mary trainer are briefly: 

(1) One and one half turn recovery from 5 turn clean 
configuration erect spins, 1 and 2.5g entries. Loadings 
heavy each along the wings and fuselage are required, 
as well as the most aft c.g. loading. 

(2) One turn recovery from a 1 turn landing con- 
figuration spin. 

(3) One and one half turn recovery from a 2 turn 
clean inverted spin. 

(4) Recovery from spins of case 1 with ailerons with 
and against the spin. 

These were the objectives of the development pro- 
gram described, along with contributing factors, in 
this paper. 


CHARACTERISTICS OF THE ORIGINAL CONFIGURATION 


Physical Characteristics 


The T-37 had a built-in spin problem. This problem 
was fostered by the type specification requirements for 
the airplane and supplemented by the design concepts 
adopted to satisfy those requirements. One of the con- 
tributing factors from this source was an unknown 
through a major part of the aircraft development, and 
will be discussed in detail later. 


Updated and revised for exclusive publication by the Review, 
this article is based on a paper of the same title presented by the 
author at the WADC Spin Symposium, February 27-28, 1957. 

Mr. Clements is Chief of Aerodynamics at the Military Air- 
craft Division. 
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Harry R. Clements 
The Cessna Aircraft Company 


Fic. 1. T-37A configuration. 


The type specification stated that the airplane should 
have: side-by-side seating, high performance (for a 
primary trainer), and low weight. 

Cessna, guided by the apparent trend toward all-jet 
operation, chose small turbojet engines for their pro- 
posal. To obtain the desired performance and weight, 
the smallest possible airplane physical size was utilized. 
This placed limitations on the space available to store 
the relatively large amount of fuel necessary to accom- 
plish its mission with jet engines. Because it was to bea 
primary trainer, simplicity of design and operation 
were keynote, and good visibility was given prime con- 
sideration. 

These concepts defined two features that were to have 
great effect on the spin characteristics of the T-37: the 
fuselage shape and the fuel system. 

With the fuselage width established by the seating 
arrangement and the depth by forward visibility re- 
quirements, the fuselage nose was of necessity shallow 
and flat. The tail cone contours were blended con- 
tinuations of the forward ones with the tail length 
defined by static stability criteria. 

_The combination of fuel capacity requirements, space 
available, and desire to minimize center of gravity travel 
dictated that the wing be used to carry a major portion 
of the fuel. Since fuel management was felt to be an 
unnecessary complication, it was attempted to simulate 
a single fuel cell in the airplane by interconnecting all 
wing cells and a single fuselage tank which fed both 
engines. Initially this was strictly a gravity system, 
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with a filler at each wing tip. This was modified early in 
the program to include a proportioner to pump fuel 
from each wing at equal rates. 


Spinning Characteristics 


The disposition of the fuel in the wings led to high 
lateral mass loadings, since, at maximum capacity, the 
fuel accounts for one-third of the gross weight of the 
T-37. The value of the inertia yawing moment pa- 
rameter, (J, — I,)/ mb?, for the airplane is positive for the 
greatest portion of its flying range. This puts it in the 
“transport loading’’ spin category which places empha- 
sis on the elevator as a recovery control. Recoveries for 
this category usually occur abruptly after antispin con- 
trol has been held for some time. 

The spin and spin-recovery characteristics of the 
original prototype configuration were both unsatisfac- 
tory and inconsistent. It is doubtful if a steady spin 
was ever realized with this configuration, yet several 
uncontrollable conditions were reached. Flight-test 
data could hardly be analyzed to obtain accurate spin 
characteristics, although some trends were uncovered. 
The following, showing the salient spin features for the 
original XT-37 configuration, are flavored considerably 
with wind-tunnel test results. 


turn rate—166° per second 
angle of attack—68° 

altitude loss—415 ft. per turn 
turns for recovery —4!/» 


MODIFICATIONS TO THE ORIGINAL CONFIGURATION 


Extended Tail Arm 


Minor modifications were made to the original con- 
figuration without appreciably improving its spin char- 
acteristics. It was apparent that a basic lack of damp- 
ing and recovery power existed. To overcome these 
factors, a major improvement in tail design was em- 
ployed. The empennage was extended 25 in. aft and 
the horizontal tail was raised 6 in. on the vertical tail. 
The horizontal tail size was reduced consistent with 
maintaining the former degree of longitudinal stability 
which was felt to be adequate. The vertical tail size, 
however, was increased to supplement the damping 
and recovery control expected from the extended tail 
arm. 

With this modification consistent spin recoveries 
began to be obtained. They were of the variety to be 
expected with a high wing inertia loading. The spin 
parameters and recovery characteristics were still some- 
what erratic, however, indicating that some factor 
contributing to the spin was not understood. 


Increased Elevator Travels 


Flight results confirmed that the elevator was the 
primary recovery control for the T-37. The number of 
turns for recovery, for the average, was still greater 
than was desired, and occasionally an excessive number 
Was required. The elevator down travel was increased 


to counteract this occasional “‘poor’’ spin and was 
apparently of some help. 

The balance of pitching moments in a steady spin 
requires a reduction in spin rate for an increase in nose- 
up moment at constant attitude.! A reduction of spin 
rate would, of course, be instrumental in reducing the 
turns for recovery. An increase in up elevator travel 
from 18° to 26.5° (physical limit of the existing system) 
resulted in a decrease in rotation rate of about 15 per 
cent with a corresponding reduction in turns out. 


Other Minor Modifications 


Several other minor modifications were attempted 
and the more successful-ones were retained. A ventral 
fin, which provides damping at high rotation rates, was 
one of these. Another was the upswept “dihedral” 
wing tip. This was designed to provide a restoring 
moment to overcome wing tilt in the spin and was in- 
vestigated because the occasional ‘‘poor’’ spins seemed 
to exhibit excessive inward sideslip. This was partly 
attributable to the relatively thick and highly cambered 
wing-tip airfoil sections (NACA 2412) selected for 
their good low-speed characteristics. They retain a 
good portion of life past stall and cause a yawing mo- 
ment due to rolling which tends to rotate the airplane 
inner wing down. 

Two common spin ‘‘fixes’’ which were unsuccessful 
on the T-37 were aft fuselage strakes and stabilizer 
fillets. They are both designed to improve fuselage (or 
fin) damping. 


Nose Strakes 


It is known that fuselage cross-section shape can have 
an important bearing on its damping contribution in 
spins.' In some extreme cases it can actually produce 
autorotative couples.” The fuselage of the T-37 is not 
favorable in this respect because of its flat shape and 
small projected side area. 

Strakes placed on the aft portions of a fuselage have 
been used on other airplanes for some time. They add 
to the fuselage damping by retarding the flow around it 
and building up positive pressures on the prospin side. 
(The antispin side would be essentially separated.) 

It was felt that more favorable results would be ob- 
tained with strakes on the nose because: 


(1) They would be operating in a region of less dis- 
turbed flow (outside of the wing wake effects) and would 
have better opportunity of doing the intended job. 

(2) They would produce nose-up pitching moments 
(being effectively low aspect ratio lifting surfaces at high 
angle of attack) which would tend to further slow rota- 
tion. 

(3) There was a larger amount of effective damping 
area presented underneath them at the forward loca- 
tion. 

See Fig. 1 showing plan form of strakes on the T-37A 
nose. 

Static low-speed wind-tunnel results substantiate the 
trends expected from the strakes. Fig. 2 shows that 
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Fic. 4. Chronology of spin recovery. 
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they produced a substantial increment of nose-up pitch- 
ing moment at high angles of attack. It was also found 
that they produce yawing moment in the direction 
opposite to the direction of sideslip. While this is 
destabilizing statically it would be reflected as an in- 
crease in damping for rotational motion. 

Flight tests conducted with strakes of various widths 
showed that the reduction in rotational velocity ob- 
tained was proportional to the strake size (see Fig. 3). 
The reduction in number of turns out of the steady spin 
was a similar function of the strake size. 

Large nose strakes had a tendency towards longi- 
tudinal instability near stalling speed, and undoubtedly 
caused losses in static direction stability as well as 
excessive drag. With the strake size chosen, 2 in. in 
width, no change in handling characteristics in the 
normal flight range occurred. 


Fuel System 


The modified configuration, prior to the addition of 
nose strakes, was not completely devoid of uncontrol- 
lable spins. Upon weighing the airplane immediately 
following one of them, it was found that a large degree 
of lateral mass asymmetry existed. 

This was discovered to be caused by asymmetric 
placement of fuel in the wings during refueling. This 
was inherently possible if the aircraft were refueled 
when not laterally level, and could be augmented by 
refueling technique. Since the tip-most fuel tank was 
relatively small, time delays occurred while fuel ran 
out of it and into the other tanks. If the person re- 
fueling the airplane was not patient he might stop while 
one wing was yet capable of receiving considerably more 
fuel. 

Lateral mass unbalance causes wing tilt in the spin 
because of an asymmetric weight and aerodynamic 
force situation. For a wing inertia loading this in turn 
causes: 

(1) An increase in rotation rate in a spin in the heavy 
wing direction since the inertia yawing moments will be 
prospin. (Note that a reduction in spin rate occurs if 
spinning is done in the direction of the light wing.) 

(2) The existence of pitching motion in the steady 
spin since part of the spin rotation rate is about the 
Y-axis. This will be nose-up for spins in the direction 
of the heavy wing and nose-down for opposite spins. As 
an extreme example, consider an airplane in a steep spin 
with 90° of wing tilt. The entire spin rate would be 
pitch rate. 

For spin in the heavy wing direction the increased 
rotation rate is adverse from the standpoint of overall 
recovery capability, but the nose-up pitch rate imposes 
an especially severe requirement on the elevator when 
it is the primary recovery control. The pitch rate due 
to wing tilt is not such as to change angle of attack of 
the spin. The elevator must reduce this rate to zero, 
however, before a down pitching motion can occur 
which will reduce angle of attack below the stall value 
and allow recovery. This was found to be a primary 
difference in the time histories of the normal and uncon- 
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trollable spins, even when they occurred at similar 
rotation rates. Referring to Fig. 4, the sequence is as 
follows: (1) antispin rudder application, (2) yaw rate 
decrease, (3) recovery elevator application, (4) pitch 
rate decrease, (5) pitch rate becomes zero or (5a) pitch 
rate becomes a positive minimum value, (6) angle of 
attack decrease, (7) angle of attack becomes below stall 
value or (7a) angle of attack becomes a minimum value 
greater than stall angle, (8) further yaw rate decrease, 
and (9) recovery at zero rate or (10) no further yaw 
rate decrease, giving a new steady spin condition with- 
out recovery control available. 

Flight-test results of a planned asymmetric fuel spin 
program demonstrated the expected variation in pitch 
and spin rates (see Fig. 5). The turns out of these 
steady spins with a standard recovery technique showed 
an increase with increasing unbalance also for spins in 
the heavy wing direction. No gain was made in the 
light wing direction, since apparently a given amount 
of time is necessary to dissipate the energy of steady 
spin. 

This fuel asymmetry was evidently the unknown fac- 
tor that had plagued the T-37 spin program from its 
inception. With the advent of close lateral fuel control 
consistency appeared in the test results and spin charac- 
teristics. 

To combat this problem, the fuel filler was moved to 
the larger leading-edge tank, and the fuel level is at 
the spillover point when at full capacity. This did not 
completely alleviate the effect of refueling on an unlevel 
platform, but satisfactory spin specification compliance 
has been demonstrated with the most adverse condition 
thought possible because of this cause alone. As a pre- 
caution, individual wing fuel gages were added so that 
levels can be compared prior to spinning, and the air- 
plane is placarded against intentional spinning with 
large amounts of unbalance. 

Unintentional spinning is not likely in this airplane 
because of its gentle stall and the large (50 per cent) 
rudder deflections required to initiate autorotation. It 
has been demonstrated that with strakes, recovery can 
be accomplished with the greatest amount of lateral 
unbalance yet known to exist if full-down elevator is 
briskly applied and held. 


CHARACTERISTICS OF THE FINAL CONFIGURATION 


Physical Characteristics Established by Spins 


The spin problem on the T-37 established several of 
the physical characteristics of the aircraft. Summariz- 
ing, these are: 

(1) Aft c.g. limit (established at the rear-most loca- 
tion tested in spins). 

(2) Up- and down-elevator travels. 

(3) Tail length and vertical tail size. 

(4) Nose strakes and ventral fin. 

(5) Dihedral wing tips. 

(6) Fuel filler locations. 

None of these are items of great expense, weight, 
drag, maintenance requirements, or deviations from 


standard production procedures. The heaviest of them, 
the tail length modification, caused a weight increase 
of 24 lbs. The strakes and ventral fin do give small 
increases in wetted area, and the leading-edge location 
for the fillers is also somewhat detrimental from a drag 
standpoint. 

Some of these items, however, actually resulted in 
improvements in other characteristics. For instance, 
the revised tail length gave greater damping in the 
normal flying range, the dihedral tips improved lateral 
stability, and the relocated filler position resulted in a 
reduced refueling time. 


Spinning Characteristics 


The spinning characteristics of the final production 
configuration, which incorporates the above modifica- 
tions, are exceptionally good despite the ‘“‘transport- 
type” loading. They present a remarkable improve- 
ment over the original ones. The spin is steeper and 
slower, and turns out are greatly reduced. 

The production T-37A configuration has satisfac- 
torily complied with all Military Specification spin re- 
quirements for a primary trainer: 


turn rate—118° per sec. 

angle of attack—45° 

altitude loss—500 ft. per turn (plus 2,000 ft. in re- 
covery to level flight) 

turns for recovery,—1'/4 


CONCLUSION 


Since this paper was originally presented, the T-37A 
has been subjected to more extensive spin flight investi- 
gations to provide comprehensive information for a 
variety of conditions and possible pilot techniques in 
entry, steady spin, and recovery. This was thought 

(Continued on page 57) 
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Propulsion Systems for Space Flight 


R. B. Dillaway 


North American Aviation, Inc. 


Typical designs for chemical, nuclear, and ion rocket engine systems are described, and available information 


on radiation, particles, and external (gravitational) force effects in outer space is reviewed 


in terms of effects on propulsion systems. 


SYMBOLS 


a = missile acceleration 

Ts = specific impulse, sec. (lb. of thrust produced per lb. 
of propellant expelled per sec 

Mo = gross missile mass 

m = molecular weight 

t = time 

AT = overall power-plant temperature difference 

= combustion temperature 

Vp = missile burnout velocity 

Yer = propellant exhaust velocity 

¥ = ratio of specific heats 

P = rocket engine power 


RECENT successful launchings of satellites 
have indeed heralded the new era of space flight. Just 
how rapidly the development of satellites and space 
exploration systems proceeds from this point depends 
on a number of factors, scientific, economic, and po- 
litical. One important factor will be the availability 
of suitable propulsion systems to propel men and 
materials into outer space on specific missions of 
interest. 

Many propulsion systems have suggested 
numerous times for space operation; of these, three 
classes are considered in this paper: (1) chemical, 
‘(2) nuclear, and (3) ion rocket systems. The dis- 
cussion considers typical engine configurations and 
some of the design requirements imposed on these 
propulsion systems by the peculiarity of the environ- 
ment and the mission for which they are intended. 

The comparison attempted is by no means intended 
to result in an obvious optimum choice of propulsion 
system for space flight. Too many of the factors 
needed for a complete comparative evaluation are 


been 


This article has been updated and condensed by the author 
from the paper of the same title presented at the Space Propul- 
sion Session, IAS 26th Annual Meeting, N.Y., January 27-30, 
1958. 

The author is Supervisor of the Preliminary Analysis Group of 
Rocketdyne Division. 
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still unknown or not known with sufficient certainty 
to be reliable for design purposes. Differences and 
obvious parallels between the different systems are 
brought out. An attempt is made to show that these 
systems very likely will not resemble the propulsion 
systems designed for terrestrial flight requirements. 


TYPICAL PROPULSION SYSTEMS 


The purpose of the propulsion system.js to move the 
desired useful payload to a given destination in as 
feasible and as efficient a manner as possible. An 
artificial earth satellite is maintained in a circular 
orbit by precisely balancing the earth’s gravitational 
attraction by centrifugal force produced by the satel- 
lite’s tangential velocity. The kinetic energy behind 
this force is provided by the rocket propulsion system. 
In a like manner, the total impulse (and energy) re- 
quired for movement of a space vehicle from the 
earth’s environment (gravity field) to the moon or to 
other planets can be referenced in terms of the velocity 
increment required in the vehicle. 

For journeys to our moon, it is only necessary to 
provide the velocity increment required to overcome 
the potential energy represented by traversing the 
sarth’s gravitational field between the initial starting 
point at the given radius from the earth’s surface and 
the neutral point between the earth and the moon, 
at which point the moon’s gravitational pull just 
balances that of the earth. Beyond this point the 
moon's field becomes more pronounced than that of 
the earth. The flight plan in the moon’s vicinity will 
determine added vehicle velocity increments required 
in that portion of the flight. This velocity and gravi- 
tational variation are shown in Fig. 1 from reference 1. 

One has the alternative of obtaining the required 
total impulse—i.e., vehicle velocity increase—through 
expulsion of large masses of material at low exhaust 
velocity or of expelling smaller amounts of mass at 
very high velocities. In chemical rockets, the use of 
high exhaust velocities is, in general, desirable as it 
minimizes propellant mass required for a mission. 
However, the specific propellant requirement is not 
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the only factor in determining desired engine configura- 
For a given vehicle mass, the desired acceleration 
to be produced from the engine determines thrust and, 
together with exhaust velocity, determines required 
specific engine power as P = ap,; (kw./lb.). The 
relation between these parameters (Fig. 2) is taken 
from reference 2. An exponential increase in specific 
power applied to the vehicle is desirable in order to 
maintain reasonable vehicle thrust to weight ratio 
(acceleration) as J, is increased. 

Chemical engines are capable of equivalent specific 
power production in the range of 10 to 100 kw./Ib. of 
vehicle. With the available range of exhaust velocity, 
acceleration in the range of 0.1 to more than 10g’s 
has been attained. The high end of the range re- 
sults from use of high energy (temperatures) propel- 
lants and high combustion chamber pressures resulting 
in high heat rejection rates and high strength require- 
ments, The trend to higher engine 
specific weights with higher energy, though small, is 
present. 

The same trend is present with nuclear rockets. The 
specific energy range of nuclear rockets, though theo- 
retically unlimited, is for practical reasons only slightly 
higher than available with chemical rockets, possibly 
up to 1,000 kw./lb. Since the exhaust velocities are 
only a factor of two or three larger, the practical accel- 
eration range parallels that of the chemical rocket. 
With higher specific power, engine weights rise because 
of greater shielding and cooling requirements for reac- 
tor and overall system. 

Ion engine systems increase in mass with specific 
power because of the resulting increased AT and/or 
size of components required. Practical specific powers 
between 0.01 and 1 kw./Ib. appear feasible. Thus even 
with exhaust velocities one or two orders of magnitude 
higher than the chemical and nuclear rockets, accelera- 
tions of only 10-° to 10~*%g’s are possible. Higher 
exhaust velocities though requiring less mass of pro- 
pellant can, in, some cases, require a greater propulsion 
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Fic. 2. Specific power requirements vs. exhaust and vehicle 
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system mass. Thus, larger portions of missile dry mass 
will be devoted to propulsion system rather than to 
useful payload. Fig. 3 summarizes information 
relating to required vehicle velocity and vehicle mass 
ratio for missions considered in this paper. Super- 
imposed are the ranges of mass ratio and exhaust 
velocity obtainable from the typical propulsion systems 
under consideration in this paper. 


TYPICAL ENGINE SYSTEMS 


Chemical Rockets 


Liquid Propellant Systems—Liquid propellant rockets 
today are a developed and accepted means of propulsion. 
This type of engine utilizes liquid oxidizers and liquid 
fuels burning in a combustion chamber to release a 
large concentration of thermal energy. This combus- 
tion gas is expelled from the chamber at high velocity 
through a supersonic nozzle, the reaction from the 
momentum increase providing the push on the vehicle. 
A typical energy system of this type is shown sche- 
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Typical chemical rocket engine 
schematic for space flight 


1 rocket engine 
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matically in Fig. 4. A survey of the literature indi- 
cates that the currently favored propellants are oxidizers 
such as liquid oxygen and nitric acid compounds and 
fuels of the hydrocarbon family. 

While these engines in their current state of de- 
velopment would be very excellent for a booster phase 
of space vehicle take-off from massive bodies, the rela- 
tively low specific energy (/;) available results in 
extremely large total fuel consumption. This is 
reflected in the large mass ratios of space vehicles 
(Fig. 3). However, it appears that space missions of 
immediate interest such as one-way moon or Mars 
journeys can be accomplished now by engines of this 
type if sufficient effort is applied to the accomplishment 
of this task. 

In order to minimize the amount of propellant re- 
quired, the highest possible performance attainable 
will be sought for the above missions. Higher energy 
fuel and oxidizer combinations will be used. According 
to Tormey,° fluorine and hydrogen possess the highest 
performance potential of the chemical systems, fol- 
lowed closely by oxygen-hydrogen. Probable perform- 
ance range is shown in Table 1 from Sutton.* The 
chemical engine performance improves with operating 
pressure because of resulting increased combustion tem- 
peratures.° Engine performance is characterized by 
the ratio of propellant gas temperature divided by 
molecular weight J, « V (Tc ‘m) [F(v)]. Dissociation 
of combustion products would further increase per- 
formance by decreasing effective molecular weight. 
However, at usual chamber pressure, dissociation re- 
quires increasing propellant temperatures considerably 
above that available from combustion. Reducing 
operating pressure will enhance dissociation, but gas 
temperature is lowered faster than molecular weight 
resulting in a net performance loss. 

Solid Propellant Systems—Unlike liquid rocket en- 
gines, high-performance solid propellant rockets are 
only available experimentally in sizes ranging from a 
few hundred to many thousands of pounds thrust in 
single units. In the solid rocket, oxidizer and fuel 
are premixed and usually cast in solid phase in the 
engine. The propellant ‘‘grain’”’ is consumed by burn- 
ing on-the surface to create the gas for expulsion. The 
solid system is considered by many to be simpler in 
operation than a liquid system. Relative ease of 
altitude starting of solid engines may be an advantage 
in space propulsion if propellant temperature sensi- 
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TABLE 1 
Characteristics of Propulsion Systems* 


Typical Maximum 
working Temperature, 
fluid F sec 
e ts 


* Based on reference 3. 


tivity can be overcome. Although the performance 
(J;) is considerably less than that potentially available 
from the liquid systems, the smaller number and 
complexity of engine parts in the solid engine may make 
the solid propellant system worthy of consideration 
for less ambitious space propulsion. 


Nuclear Rocket Engines 


Consideration of nuclear rocket engine require- 
ments discussed by Clarke, Shepherd & Cleaver, 
Seifert, Rosenblum, et al.!: provides an indication 
of the typical form initial engines of this type will 
take. A typical layout is shown in Fig. 5 (from ref- 
erence 8). In this system potentially unlimited 
quantities of thermal energy are generated in a suitable 
high temperature reactor core. The heat is trans- 
ferred to a propellant passing through the porous 
core after which the propellant is expanded in a nozzle 
to produce the desired thrust. The requirement of 
only one propellant is a great simplification of the 
engine system which is counterbalanced by the com- 
plexity of the reactor. 

Any fluid not adversely affecting core neutronics 
can be used for propellant. If the core can heat 
the propellant to temperatures comparable to chemical 
combustion temperatures (over 4,000 F.), the best per- 
formance improvement attainable, using molecular 
hydrogen, is about twice the highest chemical engine 
performance (Table 1). On this basis, the system 
mass ratio can be reduced between factors of 2 to 100 


~ 
REFLECTOR PRESSURE VESSE 
NTR 
ROD 
RBINE = = 
CORE => 

} | PUMP 

} 

Heat 

[ 
@ ExHauSsT 
REGENERATIVE COOLIN 
---------- CLOSED CYCLE COOLING 


Fic. 5. Dual thrust nuclear rocket. 
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compared to that of a vehicle powdered by the best 
chemical engines (Fig. 3). The mass of core and other 
extra equipment will have to fall within the added 
available dry mass of the nuclear powered system, 
otherwise the added complexity of engine low tem- 
perature and low density propellant would probably 
prove to be much less attractive. 

Clarke suggests that low-pressure nuclear devices, 
if operated at sufficiently high temperatures, could in- 
crease the exhaust velocity by using light gases such 
as H2 which would break down into its atomic form 
and further increase /,;. If hydrogen were completely 
dissociated, the performance could be increased by 
another factor of 1.4. However, Sanger-Bredt® points 
out that energy given up to the confining walls of the 
nozzle by monatomic gases will be excessive, even 
possibly prohibitive. This is due to the high heat 
fluxes involved; hydrogen and helium atoms have mean 
free paths so long (on the order of feet) that no effective 
cool gas boundaries can be produced on the metal walls. 

Any system based on the fission process produces 
high energy particles which are destructive to both 
materials and humans, to varying degrees, through 
mutation and/or heating. Thus, manned space flight 
systems using nuclear rockets will require extensive 
shielding systems which will add markedly to engine 
system weight. In space propulsion, where no air 
scattering need be considered, shadow shielding is 
most economic. Simplified, optimistic calculations of 
shield requirements were made based on a nuclear en- 
gine expending energy in space sufficient for a 100,000 
lb. payload moon reconnaisance without landing, fol- 
lowing methods of Glasstone and Calkins.’* !! The 
results indicate that a shadow shield for a 6-ft. diameter 
cylinder 100 ft. from the bare reactor core will require 
shield masses of the order of 10,000 Ibs. for humans and 
100 Ibs. for critical material components. These 
figures are only indicative of masses involved and may 
be low by an order of magnitude or more when related 
to specific system designs. 

In summary, it appears that the nuclear rocket, based 
on a reactor core heating a fluid propellant, appears fea- 
sible and capable of providing vehicle performance 
two or more times as high as the best chemical rockets, 
thus requiring lower mass ratio vehicles and fewer 
stages. However, the development will require a 
very large effort compared to chemical rockets and 
vehicle handling, and launching problems may be 
prodigious due to the health hazard involved. Again 
the overall engine mass may detract considerably from 
the application to a space system by restricting the 
useful payload of a given system. 


Ion Rockets 


The third propulsion system to be considered for 
Space applications is the ion rocket. As described in 
references 15, 16, and 17, the exhaust jet, which is 
energized sufficiently to ionize the gas completely, 
is accelerated to very high velocities by an electric 
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field. The mass of propellant required is thereby 
minimized. Typical systems are shown in Fig. 6. 
These systems require an energy source to ionize and 
accelerate the jet particles. To minimize chances of 
space charge buildup on the vehicle, the ions and elec- 
trons stripped off must both be expelled at conditions 
which insure recombination immediately behind the 
vehicle. 

Ion Source—There are many possible materials 
available for ionization from gases (He, He, Ne) to 
solids (Ce, Rb). The choice of method of ionization 
is open, depending on the ionization potential and sys- 
tem compatibility. Some low potential elements can 
be ionized by boiling. Some work best when vaporized 
from a target anode by electron bombardment, and 
some require very high energy arc discharges for effi- 
cient ionization. In addition to ionization method, 
the choice of material also effects the accelerating po- 
tential and power requirement. The thrust in this 
system is given by F = PV 2m, ‘Eq. For a given 
thrust requirement the use of heavy ions minimizes 
power—i.e., power-plant mass—and accelerating po- 
tential requirements—i.e., momentum = m (Av). 

Power Source—Several power sources are conceiv- 
able. A closed-cycle nuclear power plant appears fea- 
sible as discussed in reference 15. The system may be 
based on either closed gas or condensing liquid power 
cycles. The power capacity will probably be limited 
by size of the radiator used for heat rejection. Radia- 
tor size requirements determined during studies by 
Rocketdyne from the Directorate of Advanced Studies, 
AFOSR, result in a range from 1,000—5,000 sq. ft. 
minimum surface requirement per megawatt of power 
output. The reactor power and temperature level 
and the thermodynamic cycle efficiency affect the radi- 
ator size requirement as shown in Fig. 7. Power-plant 
component masses for a typical system may be small, 
individually, compared to the radiator mass if the 
radiator construction results in masses of even 1/2 
Ib. per sq. ft. of surface. Turbogenerator and rectifi- 
cation equipment for a few hundred kilowatts should 
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Fic. 7. Typical radiator area vs. minimum radiator temperature. 
weigh only 2 to 3 Ibs. per kw. each. Here again re- 
actor shield requirements will add to the engine 
system mass; the shield requirements will depend on 
power level and duration as well 
components to the reactor core. 

The use of solar energy also has attractive features 
for ion propulsion in space. In a typical system, 
large reflectors concentrate the 1.4 kw. per sq. m. 
radiant energy available from the sun (in the earth 
orbit) and convert the energy into power. Ehricke'® 
proposes interesting spherical reflectors for heating 
a working fluid. The radiation may also be concen- 
trated on thermopiles for direct conversion to electrical 
power. However, while large potentials in the 10,000 
volt range can theoretically be built up in this manner, 
only potentials in the 200 to 400 volt range are re- 
ported in the literature. Also, only relatively low 
power is available due to practical current limits of 
thermopiles. This system might, with further de- 
velopment, be suitable for electrostatic portions of a 
propulsion system. The use of solar batteries is also 
a possible means of direct conversion of solar into elec- 
trical energy. All the systems discussed suffer from 
the poor conversion efficiency of the available solar 
energy which, according to published data, varies from 
2 to 10 per cent. As Ehricke points out, this poor 
conversion necessitates reflectors hundreds or even 
thousands of feet in diameter, taxing the designer’s 
skill to arrive at a practical system. 

In summary, the ion rocket appears very interesting 
for space flight which is the only feasible regime for 
this system. power-plant (especially 
solar energy conversion) efficiency will increase the 
potential of this system. Currently the problems of 
reflector assembly, control, and long-time reliability 
make the solar heat system somewhat less attractive as 
the power source for ion propulsion than a nuclear 
reactor. 
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ENGINE COMPARISON 


Before attempting to compare the propulsion systems 
just described and to discuss design requirements pe- 
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culiar to space operation, it is desirable to define the 
missions and environmental conditions in terms of 
which these propulsion systems are to be considered. 


Mission 


The unmanned free-flight satellite is in existence. 
The next logical step would appear to be the develop- 
ment of larger manned satellites provided with small 
propulsion systems so that their trajectories may be 
varied or, conversely, may be held constant for very 
long durations by providing the small impulse necessary 
to counteract drag and other error producing effects. 

Next, one logically considers unmanned and then 
manned space ships for exploration of the moon. Un- 
manned exploration of the moon will precede the de- 
velopment of large manned earth satellites due to the 
probable extreme expenditure involved in the latter 
undertaking. The unmanned exploration of the moon 
will probably embody three phases accomplished in 
rapid sequence. First, a missile will be crashed on the 
moon without regard to its destruction, so that decel- 
erating propulsion systems need not be considered. 
Next will be circumnavigation of the moon, wherein 
the vehicle is set on a trajectory such that the moon's 
gravitational field is employed to turn the space ship 
about the moon and return it toward earth to its initial 
starting orbit. Finally, successive steps will involve 
placing a satellite in an orbit about the moon and 
then landing a manned mission on the moon. 


Environment 
It is now possible to define certain important 
environmental conditions which will have varying 


degrees of influence on the design of propulsion systems 
for these space missions. First, as noted in Fig. 1, 
at distances greater than 25,000 miles above the earth, 
the gravitational attraction between a space vehicle 
and earth is less than | per cent of that on the earth's 
surface. Therefore, at greater distances from earth, 
the manned satellite or space mission to the moon will 
operate in an essentially gravity-free environment, in 
which changes in the vehicle acceleration equivalent to 
even | or 2g’s will be strongly felt by the vehicles, and 
their contents. 

No atmosphere (air) is assumed to exist, thus any 
air drag with the accompanying aerodynamic heating 
need not be considered. The normal atmosphere is 
replaced by a distribution of particles in space made up 
largely of low-pressure hydrogen ions, some helium, 
and a few heavier particles generally defined as meteors. 
According to Shepherd® this “hydrogen’’ gas exists 
in space at an equivalent average density of about one 
atom per cu.cm. Apparently this hydrogen gas is of 
insufficient density to have any influence on the motion 
of a ship through space unless the vehicle were traveling 
at a speed in excess of 150,000 ft./sec. Therefore, this 
environmental condition need not be considered fur- 
ther if current knowledge is correct on this point. 

In addition to the hydrogen gas occupying space, 
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one must take due account of the meteoric particles 
and dust which permeate space. Astrophysical studies 
indicate that they comprise about 1 per cent of the 
total mass occupying interstellar space. Table 2, 
extracted from Sanger,'® indicates the distribution of 
the larger meteoric particles in space, together with the 
energy distribution in these particles, their size, and 
probability of encounter by a 3—m. diameter sphere in a 
24-hour period. All of the references cited are in 
general agreement that on space flights of reasonable 
duration probability of encountering a large meteor 
particle which could do physical damage of critical 
nature to a space vehicle is rather remote. The slight 
probability of encounter with a lethal meteor is im- 
portant in manned space flight, however. 

Based on information presented by Sanger" it ap- 
pears that the smaller submicrogram meteor showers 
may well have a significant erosive action on the sur- 
faces of the missiles. Erosion rates of up to 0.005 
inches in 1/2 hour are estimated. Sanger also dis- 
cusses the possibility of sputtering effects due to the 
high electrical energy potentials of space dust protons 
striking surfaces constructed of metals having low sub- 
limation energy. However, he concludes that all of 
the metal usually considered for propulsion and missile 
systems have threshold energies considerably above 
those possessed by the interstellar particles and there- 
fore would not be prone to destruction by sputtering. 

One must also consider radiation, both particles and 
wave types. According to recent articles by Korff 
and Shepherd,'®: °° the cosmic radiation intensity 
found in outer space is many times that which pene- 
trates the atmosphere to be detected on the earth’s 
surface. Cosmic rays are thought to consist of 79 
per cent hydrogen nuclei (protons), 19 per cent helium 
nuclei (beta particles), with 1 per cent heavier par- 
ticles—up to the iron nucleus—included in the system. 
The energy levels in the cosmic rays are distributed 
between 10° and 10” electron volts, while the intensity 
of these rays is about 100 to 200 protons per cu.cm. 
of space. Rossi?! indicates a distribution of energy 
in cosmic rays of inverse cubic power so that the 
average energy level of a cosmic particle shower is prob- 
ably between 10° to 10'°. These energy levels are very 
high in comparison to that possessed by neutrons re 
leased from nuclear reactors, although the integrated 
dosage appears to be one to five orders of magnitude 
smaller than would fall on a vehicle payload from a 
nuclear or ion rocket reactor for the missions considered 
in this paper. Nonetheless, cosmic rays must be con- 
sidered as having an influence on vehicles designed 
for space. Very little is known of these particles at 
present. As Schaefer’? points out, if the showers 
contain significant proportions of heavier lower energy 
particles, they will be quite lethal for humans in space 
and will require shielding of vehicles. However, if 
the lighter particles predominate, some space biologists 
think it may be better to leave shields off or at least 
design them specifically for cosmic rays rather than 
fission particles. The slowing down of cosmic protons 


TABLE 2 
Data Concerning Meteoroids and Their Penetrating Probabilities 


Meteor Probability Penetration 
visual Total kinetic Mass, gram Radius, cm encounter, in Al, cm 
magnitude energy, eres 2k hr 
1.0 x 1043 1.25 1.2 x 10.9 
1 x 102 0450 1 x 10°8 Be 
1.6 x 10)? 1.98 x 107+ Te? X 1078 9 
6.3 x 104 79 x 107° 1 2.0 x 10° he 
2.5 x 104 x 107° x 107? 342 
5 1.0 x 1012 x 1072 x 107} 2 x 1076 2.3 
6 4.0 x Se x 1073 on? 301 x 1076 7 
7 1.6 x 10% 2.0 x 1073 Se x 107 7e7 x 1076 1.3 
6.3 x 10? 7.9 x 1074 x07 x 107 0.93 
205 x 10 3.1 x 10~ 209 x 107 x 0069 
1.0 x 10” 1.2 x 10% x10 x 10% 0.5 
x 10° 5.0 x 107 1.6 x10 10% 37 
12 1.6 x 108 2.0 x 1075 1.2 x10 7.7x 107% 27 
13 6.3 x 10 709 x 10 6 x1073 2.0 x 1073 0.20 
2.5 x 10! 3e1 x 106 603 x 1073) 9 x 1073 015 
1s 1.0 x 10! 162 x 1076 1.2 x 107° 


creates large numbers of ionizations within the slowing 
down material and in certain materials may produce 
more harmful secondary emissions than if allowed to 
go through the vehicle uninhibited. Magnetic field 
shields might be considered, but, because of the particle 
energy involved, prohibitively large field strengths 
would be required. The cosmic particles and magnetic 
field may act to further disrupt communications and 
guidance and thus further increase equipment complex- 
ity and auxiliary power requirements. Much more 
must be learned of this subject before it can be con- 
sidered quantitatively in regard to space propulsion. 

In addition to the high energetic radiation, one must 
also be mindful of the influence on space propulsion of 
direct thermal radiation from the sun which, in outer 
space at the same distance from the sun as earth, has 
a normal intensity of about 1.4 kw. per sq. meter of 
intercepted surface. This radiation (pressure force 
of 4 X 107! psi as well as energy source) may or may 
not be desirable in connection with the propulsion 
systems just discussed but must be taken into account 
as a primary environmental consideration. 


DESIGN CONSIDERATIONS 


Mission Requirements 


The extremely high flight velocities required for 
moon reconnaissance and more ambitious missions 
have been indicated in Fig. 3 and Table 3. 

As noted previously, velocities of these magnitudes 
require mass ratios of 50 or greater for chemical rockets, 
4 to 10 for nuclear rockets (fusion systems excepted), 
and 1 to 2 for ion systems. 

The best available rocket-powered vehicles appear 
to have design-limit mass ratios (initial to final vehicle 
mass) in the range of 5 to 10 per stage. Thus chemical 
rocket-propelled systems will require many stages to 
accomplish the moon missions. Nuclear rockets may 
well be able to do the entire job with single stage, 
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TABLE 3 
Vehicle Velocity Increments Required for Various Moon Missions 


Crash-land, payload on moon 36,400 ft./sec 

Circle moon with payload and 
return 

Land payload on moon 


Land on moon and return 


or greater** 


36,400 to 36, 700* 
44,000 ft./sec. or greater** 
51,700 ft./sec. or greater** 


* Earth escape velocity. 
** Figures given neglect any losses and trajectory errors re- 


which offers the attractive advantage of vehicle sim- 
plicity. Ion rockets appear capable of easily handling 
the space propulsion job once the vehicle is orbiting 
about the earth or otherwise boosted to a sufficiently 
high velocity that its low acceleration capability can 
be utilized. As the missions become more ambitious, 
the ion rocket will be more attractive. In addition 
to these system characteristics, desire to keep the space 
vehicle within reasonable size would suggest that a 
boost system be employed to provide a significant por- 
tion of the required total velocity increase in the case 
of any space propulsion system. 


Thrust Level and Operation 


Because of the difficulty experienced attaining pre- 
cise terrestrial navigation and guidance, it appears 
that all space vehicles will require propulsion systems 
capable either of continuous or intermittent low accel- 
eration thrust for correction of course errors, as well as 
the minute possibility of altering course to avoid colli- 
sion with a lethal space particle. Leisurely take-off 
from an orbit would certainly give more time for 
accurate initial orientation of the vehicle on its in- 
tended course. Large overshoot in velocity increment 
or poor navigation will require significant additional 
thrust and propellant consumption which could be 
fatal to the success of ambitious missions already 
pushed to the limits mass ratiowise. 

Consideration of the sensitivity of the vehicle and 
its components (delicate instruments or humans) to 
apparent gravity changes from acceleration rate 
changes would seem to make low acceleration continu- 
ous propulsion desirable in space. While humans can 
tolerate 6g acceleration changes for short periods and 
most instruments considerably more load, the effect 
of such loads on both is undesirable for efficient vehicle 
and payload performance and design requirements. 
It seems very desirable to maintain artificial gravity 
(1g) conditions in the manned ship at all times by 
slow spin or other suitable motion. Any propulsion 
or other force applied to the ship might alter the motion 
or change course so that continued power for the arti- 
ficial gravity may well be required. 

These arguments seem to the writer to point to the 
desirability of low long-duration thrust for space 
flight. Indeed one might consider the engines as 
very large scale vernier systems. All three propulsion 
systems under discussion can be designed to operate in 
this fashion. The liquid chemical rocket with hyper- 
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golic propellants can be started and stopped at will 
and is thus adaptable to either continuous or inter- 
mittent operation. Low thrust results in small lighter- 
weight engines. Solid rockets could accomplish the 
low thrust intermittent operation but with more diffi- 
culty (environmental storage and low temperature 
starting) and less precise control. 

The nuclear engine and nuclear powered ion engine 
are best suited to more continual operation, at least of 
the power source. Any complete shutdown of reactors 
requires relatively long cool-down periods with coolant 
flow before they can be left in safe radiation equilib- 
rium. Starting and stopping of these engines required 
relatively complex procedures which must be carefully 
coordinated with the flight program. In 
addition to reactor power build-up rate limitations 
which are inherent in a reactor design and cannot 
easily be altered, the poison build-up on shutdown may 
make the engines inoperable when urgently needed. 
However, the reactor’s residual shutdown power quickly 
decreases to a few per cent of reactor rated power. 
The engines thus might well incorporate a bypass fluid 
system for supplying the auxiliary power to the vehicle 
on a continual basis and thus be in a position to pro- 
duce full power intermittently when called on to do so, 

The solar powered ion rocket is equally feasible for 
intermittent or continual low power operation. In 
this case, the solar collector would probably be ori- 
ented, as required, to limit power as it is most important 
to keep the “heat sink’’ radiator size at minimum. 
This orientation of very large collectors (and radiators) 
must be done slowly and symmetrically, otherwise 
additional effort and propellant expulsion will be re- 
quired to regain the desired course. 


vehicle 


Shielding 


Consideration of the shielding requirements also 
suggests relatively low power operation of nuclear 
reactor powered propulsion systems. As discussed pre- 
viously, minimizing total power expenditure will tend to 
minimize shield requirements, especially in manned 
vehicles. The shadow shield thickness varies with leak- 
age energy intensity which decreases roughly as the 
square of the distance from the reactor core. Any 
shield required around the core proper also would be 
minimized as to mass with the smaller low power 
reactor, since a given spherical thickness of shield 
decreases with core radius. 

All of the above considerations, as well as those to 
follow, seem to apply also to manned satellites. 


Environment 


_The effect of erosion by interstellar dust appears to 
be sizeable enough to require consideration. This fac- 
tor will suggest: (1) minimizing time in space between 
terminal points and (2) design of engines with minimum 
surface to be eroded. On long space journeys, the 
difference caused by low or high thrust will probably 
not increase the time of transit sufficiently to affect 
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design. The minimum surface idea points to low 
thrust engines again, and favors chemical rockets. 
The solar ion system is at a distinct disadvantage in 
this respect. Thus, space propulsion systems using 
radiation heat rejection will probably be fabricated 
of materials most efficient, strengthwise, at high mean 
temperature (800 to 1,600 F.), possessing low emis- 
sivity (except for radiators), and exhibiting tough 
erosion resistance properties. Potential particle pene- 
tration may require that the propulsion system be 
housed by a protective shell, and tank and radiator 
systems be compartmentalized to minimize leakage 
losses from any such penetration. As an alternative, 
manned vehicles may consider repair of low-probability 
punctures. Unmanned vehicles may be written off 
as failures if punctures occur in a vital part during a 
mission. Cosmic ray shielding, if provided in vehicles, 
will not be the same as that designed to absorb re- 
actor neutron leakages. A shadow shield is sufficient 
in one case while total coverage is required for cosmic 
ray protection. Engine design will probably avoid 
materials such as plastics, rubbers, etc., which are 
adversely affected by very high energy protons. This 
may result in considerable design variation from 
current practice. 


Design Concepts 


Chemical Rockets—Low-thrust high-performance 
chemical engines may be difficult, if not impossible, 
to cool satisfactorily with propellant alone. How- 
ever, a separate radiant sink coolant system might 
solve this otherwise difficult problem, even though 
some 1/4 to 1/2 per cent of the badly needed propel- 
lant energy would thereby be lost. Such a system, as 
shown in Fig. 4, might allow operation at more op- 
timum conditions to make up for the small unrecovered 
energy loss to the coolant. The radiator area needed 
to handle the heat load from a chemical engine capable 
of the same mission as a l-megawatt nuclear system 
of 30 per cent cycle efficiency is one third or less of the 
areas shown in Fig. 7, depending on chemical engine 
thrust level (and acceleration) employed. 

Nuclear Rockets—The above radiation sink cooling 
system might be applied to nuclear rocket systems to 
cool critical non-nuclear parts. Here the small energy 
loss would not be critical. 

For any reactor design there is some minimum re- 
actor volume from criticality consideration. It may 
be that one core could supply the high thrust for boost 
and then switch to more moderate thrust operation 
in space using the separate coolant system to protect 
shell and other critical parts. Propellant flow rate 
will probably be insufficient to cool the entire engine 
system under these conditions, as well as during shut- 
down of the system. Such operations (Fig. 5), if 
feasible, would enhance the overall attractiveness of 
the nuclear propulsion system. 

Ion Rockets—The ion propulsion system, while pro- 
ducing large thrust per unit of propellant expelled, 
may not carry as large a useful payload as J, might 


indicate. The separate power source as discussed is 
bulky, massive, and probably difficult to assemble in 
space. Ingenious design will be required to mini- 
mize required radiator area, mass, and erosive surface. 
Cycle efficiencies below the optimum may result in 
minimum power-plant mass as low efficiency allows 
higher temperatures in the radiator and thus greater 
radiator effectiveness. 

In order to minimize the power-plant mass, the effi- 
ciency of each component must be pushed to the ut- 
most of its capabilities. High-mass, low-ionization 
potential propellant (cesium, rubidium) probably will 
be used to minimize potential and power requirements 
in the ion engine systems. High operating tempera- 
tures and minimum pressures are desirable in the 
power system with emphasis placed on use of maxi- 
mum hot-strength materials in the power-plant con- 
struction. 

The solar energy collectors, while extremely large 
in area, as shown by Ehricke and others, need not be 
massive. However, very thin, balloon-like structures; 
while light, will be subject to destruction by erosion, 
punctures, and radiation deterioration, especially if 
compartmentalizing is not employed. It is not clear 
that reliability can be achieved without the use of 
self-sustaining reflector design. 

As a result of these massive power-plant components, 
there is some minimum size for each mission below 
which no usefully large payload can be transported. 
Much more experimental development of power-plant 
components is required before the best power level and 
acceleration ratio can be established for ion rocket 
power and space missions. 


CONCLUSIONS 


This evaluation and comparison has touched on only 
a few features relating to a portion of possible space 
propulsion systems. However, insofar as the discussion 
holds, the following points may be made: 

(1) All systems discussed can, with suitable effort, 
probably be used to pursue successfully the space 
missions described in this paper. 

(2) Too many unknowns still exist to determine 
the best engine system. With further development 
both the nuclear and ion systems may prove superior 
to chemical systems for space missions. They have 
greater potential than chemical rocket engines consider- 
ing the relatively crude development state both systems 
are in at present. 

(3) Moderate thrust operation of all the engine 
types appears preferable. 

(4) The engines will be considerably different in 
concept from terrestrial-bound systems both in design 
and in materials used in engine fabrication. 
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AIR SAFETY 


Allan Bernhardt 


Flight Safety Foundation’s Ninth International Seminar Studies 

Collisions, Landing Mishaps, Fire, Air-Sea Search and Rescue, 

VTOL Safety, and Jet Transport Pilot Training. 

Edward Curtis, George Tryon Honored; Eight Sessions Feature 37 Papers. 


ee problems still to be solved in making 
flight safer were debated, and safety progress was re- 
viewed and demonstrated at the 1957 Flight Safety 
Foundation International Seminar in Palo Alto, Calif., 
on November 11-15. 

The event was held in cooperation with the Coast 
Guard, the USAF Military Air Transport Service, and 
the Navy. The ninth such conference of the Founda- 
tion, it was hailed by more than 250 air safety experts 
from this country and abroad as one of the most inform- 
ative ever staged. 

During 5 full days, delegates, attended eight tech- 
nical sessions, participated in an exercise aboard the 
USCG Cutter ‘““Gresham,’’ and saw four persons hon- 
ored at the Seminar dinner at which Col. John Stapp 
was guest speaker. The Air Force’s ‘bullet man’’ dis- 
cussed ‘‘The Very High Altitudes Beyond the Earth.”’ 

Panel discussions were held on Human Factors, Seat 
Design, and Design Safety Engineering. These were 
conducted, respectively, by Dr. John Poppen, A. How- 
ard Hasbrook, and C. O. Miller. 

By group, those attending represented eleven air- 
lines, 40 manufacturers of aircraft and aviation equip- 
ment, 18 commands of military services, 20 Govern- 
ment and private aviation organizations, and experts 
from research centers in the United States and eight 
other countries. 

The Foundation’s awards for distinguished service in 
achieving safer utilization of aircraft were presented by 
Jerome Lederer, Managing Director of the Foundation. 
Recipients were Edward P. Curtis, Vice-President of 
Eastman Kodak, and George H. Tryon III, Secretary 
of the Aviation Committee, National Fire Protection 
Association. These awards are presented on behalf of 
Aviation Week magazine. 

Awards of Merit went to Max W. Landis and Ray- 
mond G. Chase, CAA Air Traffic Controllers, of Santa 
Barbara, Calif. 

Mr. Curtis, a major general in the USAF Reserve, 
was honored for his report to President Eisenhower on 
Aviation Facilities Planning, which included “A Plan 
for Modernization of the National System of Aviation 


Mr. Bernhardt is Associate Editor of the Review. 
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One of two FSF Awards for 1957 honored Edward P. Curtis for 
his report to President Eisenhower on Aviation Facilities Planning. 
J. Gordon Bennett, Staff Director, Bureau of the Budget, is shown 
(left) receiving the plaque for him from Jerome Lederer, Managing 
Director of the Foundation. 


Facilities.’ In presenting the award, Managing Direc- 
tor Lederer observed that Mr. Curtis’ report ‘‘gives to 
aviation the recognition of its place in society it has 
long deserved.” 

Mr. Lederer, in presenting Mr. Tryon’s award, saluted 
him as ‘“‘an international authority on aviation and air- 
port fire protection.”” The citation with the award said 
of the recipient in part: ‘‘His courage and persistence in 
the face of difficulties that appeared insurmountable in 
the early days of his efforts have resulted in many fire 
prevention and fighting practices now widely accepted 
by the aviation industry. These include methods for 
rescue and fire fighting, fueling equipment and meth- 
ods, and the dissemination of information on all phases 
of aviation fire problems.”’ 

The two CAA traffic controllers received their awards 
for quick thinking and close attention to duty, thereby 
saving the lives of a small plane pilot and his passenger. 
The pilot, using a flashlight to augment inadequate 
cockpit lighting, read an approach chart incorrectly and 
would have crashed into a mountain if Chase and Landis 
had not discovered his error. 

Indicative of the most significant problems facing 
aviation safety today were titles of the Seminar’s eight 


4 
lh 
el 
\ 
i! 
re 
I 
i 
I 
| 
te | 
q 


technical sessions. These were Search and Rescue, 
Survival, Evacuation; Mid-Air Collision Problems; 
In-Flight and Crash Fire Protection on Turbine-Pow- 
ered Aircraft; Vertical Flight; Intra-Company Com- 
munications, ete.; The Last 200 Feet—Progress in All- 
Weather Flying; and Some Critical Jet Problems. 

Aboard the “Gresham,’’ the Coast Guard demon- 
strated its Search and Rescue Service procedures includ- 
ing night water landings with illumination, with and 
without aircraft assistance; aircraft self-illumination; 
and radar guidance. Other demonstrations showed 
conspicuity of new markings for life rafts and a flashing 
marker light, the United Air Lines new position light, an 
inflatable ring buoy, inflatable rafts, operation of a rescue 
metal cutting saw, and the Navy’s technique in crash 
fire fighting and in extinguishing a magnesium fire. 

Inquiries about the discussions presented during the 
Seminar may be directed to the Flight Safety Founda- 
tion, 468 Fourth Avenue, New York 16, N.Y. A list of 
the sessions and presentations, prepared from a report 
by Otto E. Kirchner, of Boeing Airplane Company, 
follows: 


SEARCH AND RESCUE, SURVIVAL, EVACUATION 


(1) A Coast Guard Briefing on Search and Rescue. (Several 
papers unavailable during Seminar.) 

(2) ‘‘Design of Exits,’’ by John A. Roebuck, Jr., Douglas Air- 
craft Company, Inc. 

(3) ‘““‘An Experimental Study of Escape and Survival in Air- 
craft Ditchings,’”’ by Barry G. King, CAA. 

(4) ‘‘Radio Beacons for SAR Operation,’’ by Charles Urban, of 
Simmonds Aerocessories, Inc. 

(5) “Water Survival Equipment,’’ by J. Silverston, of P. 
Frankenstein & Sons. 

(6) “Air Aspirated Life Rafts,’’ by John Avellar, for Air Cruis- 
ers, Division of The Garrett Corporation. 

(7) “Electronic Communications Devices,’’ by D. M. Hilsa- 
beck, of Wright Air Development Center. 


Mip-Ar1rR COLLISION PROBLEMS 


(1) “A Review of the Problem,” by William Littlewood, of 
American Airlines, Inc. 

(2) ““Mid-Air Collisions in the USAF,” by Anchard F. Zeller, 
USAF. 


Colonel John P. Stapp, USAF, is pictured during his address 


fore the Seminar Dinner assembly. At his left is Adm. John H. 
Cassady, USN (Ret.), Foundation President. 


Tricky small boat handling gets attention from all hands during 
an exercise for Seminar delegates aboard USCG Cutter “Gresham.” 


(3) “Infra-Red Proximity Warning System,”’ by R. D. Foley, 
Aerojet-General Corporation. 

(4) ‘Aircraft Lighting Systems,”’ by John M. Tillman, United 
Air Lines, Inc. 

(5) “Wing Tip Anticollision Lighting,’’ by H. W. Atkins, At- 
kins Light Corp. 

(6) “Be Seen and Be Safe,”’ by P. J. de Groot, Switzer Broth- 
ers. 

(7) The Growing Problem of Mid-Air Collisions, a Flight 
Safety Foundation publication made available at the Seminar. 


IN-FLIGHT AND CRASH FIRE PROTECTION ON TURBINE-POWERED 
AIRCRAFT 


(1) ‘Electrostatic Fuel Hazards,” by I. Irving Pinkel, NACA. 

(2) ‘Fire and Collision Research Continues,’’ by Alan L. 
Morse, T.D.C., CAA. 

(3) “In-Flight and Crash Fire Protection on Turbine-Powered 
Aircraft,’’ by Robert A. Dickson, Walter Kidde & Company, Inc. 

(4) “The Aircraft Fire Fighting and Rescue Program in the 
U.S. Navy,’ by Carl Dreesen, Fire Protection and Crash Fire 
Equipment Engineer. 


VERTICAL FLIGHT 


(1) “A Review of the Military VTOL-STOL Program,”’ by Lt. 
Col. John L. Klingenhagen, Office of Secretary of Defense for 
Research and Development, presented by Col. James Wells, 
Army Aviation Safety Division. 

(2) “Tilt Wing Propelloplane VTOL Aircraft,” by J. B. Nich- 
ols, Hiller Helicopters. 

(3) ‘‘Work Information to Get Action,’’ by Leslie H. Matthies, 
Hallamore Electronics. 

(4) ‘“‘Altimetry,’’ by Melvin Gough, NACA. 

(5) “Safety and Economics,” by Maurice Rappaport, Stanford 
Research Institute. 


INTRA-COMPANY COMMUNICATIONS, Etc. 


(1) “AGARD’s Views About Flight Safety and Pilot Selec- 
tion,’’ by Médecin Général P. Bergeret, AGARD. 
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(2) ‘Some Recent Advances in Communication Techniques,”’ 
by Ray L. Leadabrand, Stanford, Research Institute 

(8) “Hazardous Cargo,” by Edward A. Tappe, ALPA. 

(4) “‘Random Pattern Landing-Gear Counter,’’ by Comdr. J. 
A. Scholes, USN. 

(5) “The Runway Friction,”’ by Melvin Gough, NACA. 
THE Last 200 FEET 


PROGRESS IN ALL-WEATHER FLYING 


(1) “Accomplishments Since 1956 FSF Seminar,” by D. S. 
Little, American Airlines, Inc. 

(2) ‘“‘“Review of USAF-SAC Progress in All-Weather Flying,”’ 
by Col. Howard J. Fry, USAF. 

(3) “Slant Range Visibility,’”” by W. A. Jensen, American Air- 
lines, Inc., on loan to ATA. 

(4) “Review of CAA Accomplishments and Plans,”’ by Robert 
Gates, CAA. 

(5) ‘“‘The Mirror Landing System,”’ by Lt. Comdr. William B. 
Barrow, USN. 


(6) ‘Navy All-Weather Return to Carrier Landing System,” 
by Capt. E. L. Farrington, USN. 

(7) “Recent Developments in Landing Approach Research,” 
by George E. Cooper, NACA. 

(8) ‘‘Instrument Integration,’’ by William Lear, of Lear, In- 
corporated. 


SOME CRITICAL JET PROBLEMS 


(1) “The Selection and Training of Pilots for Jet Transport 
Aeroplanes,”’ by E. E. Rodley, BOAC 

(2) “Jet Transition Observations,’’ by 
ALPA. 

(8) “Jet Tanker Transport Operation,” by Lt. Col. Kenneth 
Rea, USAF, presented by Major E. E. Campbell. 

(4) “N.Y. Port Authority—Safe for Tomorrow,”’ by Herbert 
Fisher, Port of New York Authority 


Donald L. Leonard, 
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Propulsion Systems for Space Flight (Continued from page 49) 


2 Shepherd, L. R., and Cleaver, A. V., The 
Brit. Interplanetary Soc., Vol. 7, pp. 184, 234, 
pp. 23, 59, 1949. 

3 Sutton, G. P., A Preliminary Comparison of Potential Pro- 
pulsion Systems for Space Flight, a speech before the Wichita 
Section, American Rocket Society, June 30, 1957 

4Sutton, G. P., Rocket Propulsion Element 
Wiley & Sons, New York, 1956. 

5 Tormey, J. F., Liquid Rocket Propellants: Is There an Energy 
Limit?, Aeronautical Engineering Review, Vol. 16, No. 10, pp. 
54-58, 68, October, 1957. 

6 Shepherd, L. R., Interstellar Flight, J. Brit 
Soc., Vol. 11, July, 1952. 

™Seifert, H. A., Dr., A Rocket Engineer Looks at Atomic 
Energy, California Institute of Technology, Jet Propulsion Lab- 
oratory, Pasadena, Calif., May 15, 1946. 

8 Rosenblum, Rinehart, and Thompson, Rocket Propulsion with 
Nuclear Energy, presented to ARS 12th Annual Meeting, New 
York City, December, 1957. 

® Sanger-Bredt, I., Dr., Thermodynamics of Working Gases in 
Atomic Rockets, J. Brit. Interplanetary Soc., Vol. 15, p. 233, 
September—October, 1956. 

1 Glasstone, Samuel, Principles of Nuclear Reactor Engineering, 
D. Van Nostrand Company, Inc., New York, 1955 

1 Calkins, V. P., Radiation Damage to Non-Metallic Materials, 
APEX 172. 


Atomic Rocket, J. 
1948; and Vol. 8, 


2nd ed.; John 


Interplanetary 


12 Tsien, H. S., Thermonuclear Power Plants, Jet Prop., Vol. 
26, July, 1956. 

13 Bello, Fusion Power: The Trail Gets Hotter, Fortune, Vol. 
56, No. 1, p. 135, July, 1957. 

14 Post, Controlled Fusion Research—An Application of the 
Physics of High Temperature Plasmas, R.M.P. 28, 338 (1956). 

‘8 Stuhlinger, Ernst, Electrical Propulsion System for Space 
Ships With Nuclear Power Source 3, J. Astronautics, pp. 33-36, 
Summer, 1956. 

16 Ehricke, K. A., The Solar-powered Space Ship, Paper 310- 
56, American Rocket Society, June, 1956 

17 Boden, R. H., The Ion Rocket Engine, Rocketdyne, A Division 
of North American Aviation, Inc., R645, August 26, 1957. 

18 Sanger, S. F., The Effect of Meteoric Particles on a Satellite, 
Jet Prop., Vol. 26, No. 12, December, 1956. 

19 Korff, S. A., The Origin and Implications of the Cosmic Radi- 
ation, American Scientist, Vol. 45, No. 4, p. 281, 1957. 

2 Shepherd, L. R., The Possibility of Cosmic Ray Hazards in 
High Altitudes and Space Flight, J. 
Vol. 12, No. 5, September, 1953. 

*1 Rossi, Bruno, High Energy Particles; Prentice-Hall, Inc., 
New York, 1952. 

22 Schaefer, Hermann J., Exposure Hazard From Cosmic Radi- 
ation at Extreme Altitude and in Free Space, J. Amer. Rocket Soc., 
Vol. 22, p. 283, 1952. 


Brit. Interplanetary Soc., 


No. FF-19 
Aeronautical Lecture 
Member Price $0.75 
No. FF-18 
Breslin 
Member Price $0.75 
Atomic Reactors (a symposium) 
Member Price $1.25 


No. FF-17 


No. FF-16 


Member Price $0.75 
No. FF-15 


Martin Aeronautica! Lecture 
Member Price 


$0.50 


IAS PUBLICATIONS AVAILABLE 
Combustion—An Aeronautical Science by H. W. Emmons, The 1958 Minta Martin 


Nonmember Price 
On the Main Spray Generated by Planing Surfaces by Daniel Savitsky and John P. 


Nonmember Price $1.25 


Nonmember Price $1.75 

Inertial Guidance by W. Wrigley, R. B. Woodbury, and J. Hovorka (This is a revised version 
of IAS Preprint No. 698, presented at the [AS 25th Annual Meeting, now out of print.) 
Nonmember Price $1.25 


Some Concepts and Problem Areas in Aircraft Flutter by |. E. Garrick, The 1957 Minta 


Nonmember Price $1.00 


$1.25 


52 / Aeronautical Engineering Review 


| 

| 

| 


ort 


ard, 


ert 


ace 
-36, 


10- 


sion 


lite, 


udi- 


Oc., 


** Satisfactory instrumentation may 
well consist of U-tube barometers used 
in an area where the temperature 


is controlled very accurately.” 


Laboratory Pressure Measurement Requirements 
for Evaluating the Air Data Computer 


A. J. Eberlein 
Minneapolis-Honeywell Regulator Company 


= INSTRUMENTATION for static pressure 
measurement is required if an air data computer (ADC) 
is to be accurate to a +0.25 per cent pressure altitude. 
One of the first steps necessary is to determine the ac- 
curacy required of this instrumentation. This is 
usually done in an arbitrary manner, depending on 
laboratory practice. 

A widely accepted method of measuring such static 
pressures is with the use of a barometer. It is felt that 
commercially available barometers only partly fill the 
instrumentation requirements of a 0.25 per cent ADC. 

Cost and elapsed time for each pressure determina- 
tion are two items which increase rapidly as pressure 
measuring requirements become more severe. 

Extensive development work is required of any com- 
pany to provide satisfactory pressure instrumentation 
for an ADC, accurate to 0.25 per cent of pressure alti- 
tude. Many companies should take a good look at the 
accuracy of their pressure instrumentation. This 
applies to the customer as well as it does to the manu- 
facturer. 


DETERMINATION OF ALLOWABLE 
TOLERANCES 


INSTRUMENTATION 


Typically, the ADC required accuracy is 0.25 per 
cent of indicated reading, and it is also necessary that 
the ADC operate to at least 100,000 ft. Fig. 1 shows 
the output tolerance requirements for such an ADC in 
terms of inches of mercury versus altitude. At first 
glance, these values may seem relatively large. It 
must be remembered, however, that these are the out- 
put tolerance requirements of the entire computer. 

In the laboratory, the output of an ADC cannot be 
controlled to a greater degree than the input pressure. 
It is, therefore, necessary to determine the relationship 
of the input to the output. A common arbitrary rule 


This paper was presented at the U.S. Navy Bureau of Aeronau- 
tics Symposium on Air Data, Cornell Aeronautical Laboratory, 
Inc., Buffalo, N.Y., September 24-26, 1957. 

Mr. Eberlein is Component Unit Supervisor in the Evaluation 
Department of Aero Division. 


of thumb states that the tolerance of the input should 
be one-tenth of the output tolerance requirements, 
implying a relatively negligible instrumentation error. 

If the ADC output requirements of Fig. 1 are re- 
duced by a factor of ten (to determine instrumentation 
requirements), then tenths of a thousandth of an inch 
of mercury become important. This measurement is 
far beyond the capabilities of commercial barometers 
which may vary in accuracy between approximately 
0.005 and 0.015 in. of mercury. 

Another arbitrary approach which merits considera- 
tion on this type of instrumentation assumes that the 
uncorrected errors present in the barometers are com- 
posed of many indeterminate errors. The nature of 
these indeterminate errors fosters a further assumption 
that the summation of these errors will form a normal 
probability function. This same type of normal proba- 
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bility function will be formed by the indeterminate 
errorsin the ADC. The two normal probability curves 
may then be combined on a root-sum-squares basis to 
make up the overall 0.25 per cent allowable ADC toler- 
ance. For example, set the 0.25 per cent ADC toler- 
ance error equal to ten units. Arbitrary assignment of 
9 units to the computer allows 4.36 units for the instru- 
mentation. 
10 = V(9)? + (4.36)? = V81 + 19 

Using this approach and the above figures, Fig. 2 
shows the instrumentation requirements for the ADC. 
(The value of the points on the curve of Fig. 2 are 
0.436 times the value of the points on the curve of 
Fig. 1.) This range of values (0.0017 to 0.014 in. of mer- 
cury) represents requirements that may possibly be at- 
tained, assuming that sufficient money is spent on in- 
strumentation. 


BAROMETERS WIDELY USED IN INDUSTRY 


The majority of barometers found in industry are 
of the cistern type. U tube barometers are found 
much less frequently in most laboratories. 

To obtain results of +0.010 in. of mercury, many 
precautions must be taken with a cistern barometer. 
A typical setup is shown in Fig. 3. Such associated 
equipment as vacuum pumps, cold traps, vacuum 
gages, special inert tubing (cobon), photoelectric read- 
outs, and temperature-controlled areas are used in 
conjunction with such equipment. This same equip- 
ment, less possibly the photoelectric readout, is also 
associated with the U tube.barometer. 

When speaking of accuracy in regard to mercurial 
barometers, the statements of W. G. Brombacher of the 
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National Bureau of Standards are most fitting: 

“Contrary to the opinions held by many engineers 
and scientists, the portable barometer is limited in ac- 
curacy to about 0.1 mm. or 0.005 in. of mercury. This 
accuracy is obtained only if the bore of the tube is at 
least about 0.6 in., to reduce capillary errors, and if the 
barometer temperature is controlled or accurately 
known to well within 1° C. at the higher pressures, 
with a greater uncertainty permissible at low pres- 
sures.” 

The errors which usually limit the accuracy of a cis- 
tern barometer are those due to thermal expansion of 
both the mercury and scale, surface tension effects, 
and inference of the level of the mercury in the cistern 
from that in the tube. 

An estimate is made of the absolute accuracy of cis- 
tern barometers on the following basis: 

(1) Density of mercury is corrected for temperature 
to the nearest degree Centigrade. 

(2) Temperature stratification does not exceed 1°C. 

(3) Corrections are made for the small pressures re- 
maining on the vacuum leg of the barometer. 

(4) The photoelectric readout system is checked for 
zero reading. 

(5) The photoelectric readout is shaded from the 
effects of external lighting. 

With these mind, the absolute 
accuracy of present equipment is shown on Fig. 4. 
Fig. 4 also shows the instrumentation requirements that 
have previously been presented on Fig. 2. From a 
visual comparison of the curves on Fig. 4, it may be 
readily concluded that cistern barometers are not satis- 
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factory for the instrumentation requirements of a 0.25 
per cent ADC. 

The question which might logically follow such a 
statement would probably sound something like this: 
“What will satisfactory instrumentation for an ADC 
accurate to 0.25 per cent cost?’ The answer is 
shown on Fig.5. While cost-accuracy figures may vary 
(depending on whether the equipment is manufactured 
or purchased), the general trend is evident. This trend 
very Clearly indicates that as absolute accuracy re- 
quirements become more severe, the point may be 
reached where cost may be one of the limiting factors. 

Estimates of time-accuracy are also plotted on Fig. 5 
The time necessary for each pressure determination in- 
creases rapidly as the absolute accuracy increases. 
The point may also be reached where the time for each 
pressure determination becomes one of the limiting 
factors. 

For purposes of illustration, assume that a compro- 
mise is reached, and it is determined that an absolute 
accuracy of +0.003 in. of mercury is sufficient. From 
Fig. 5, it is seen that it will cost approximately $5,000 
per pressure source and require 10 min.‘per pressure 
determination. Assuming 150 pressure determinations 
per ADC, it will take a little over 3 days just to deter- 
mine the pressures for a routine check of this device. 
Assuming that three pressure stations (two pressure 
sources each) are necessary to develop the device and 
that ten such stations are necessary to manufacture it, 
the instrumentation cost for pressure facilities alone 
will be approximately $130,000. 

It is felt that the customer must carefully evaluate 
ADC accuracy requirements in terms of aircraft per- 
formance. While an ADC accurate to 0.25 per cent may 
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be made, the aircraft (due to other errors present in the 
system) may not be able to utilize the full ADC capa- 
bilities. This decision then, in regard to the accuracy 
of the ADC, rests largely with the customer. 


NOTES ON TECHNIQUES AND ASSOCIATED EQUIPMENT 
UsED WITH BAROMETERS 


A very important factor in the accuracy of barom- 
eters is temperature. It is very desirable to locate the 
barometers in a temperature-controlled area. The 
effect of temperature on a 30-in. column of mercury is 
shown in Table 1. 

The temperature correction for mercury barometers 
with a.brass scale is 0.000091 in. per in. of column height 
per °F. If an absolute accuracy more severe than 
+0.007 or +0.008 in. of mercury is desired, a U tube 
barometer should be used. When an absolute ac- 
curacy more severe than +0.003 or +0.004 in. of mer- 
cury is desired, it is extremely difficult to effectively 
measure the temperature along all parts of a mercury 
column and make the necessary corrections. There- 
fore, it is considered mandatory that the temperature 
be controlled to the proper value rather than cor- 
recting the height of the column of mercury for tem- 
perature variations. The National Bureau of Stand- 


TABLE 1 
Effect of Temperature on a 30-in. Column of Mercury 


Change in Column Height, 
In. Mercury 


0.0027 
0.0055 
0.0082 
0.0109 
0.0136 
0.0273 
0.0410 


Temperature Change, °F. 
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ards published a pamphlet in June, 1951, Corrections 
for Mercurial Barometers which should be referred to 
for the technique of making gravity and temperature 
corrections. 

The accuracy of any barometer will be seriously 
impaired if the mercury becomes contaminated with 
any type of impurity. The impurity will change the 
density of the mercury and will also change the shape of 
the meniscus. This change is caused by the impurity 
changing the surface tension of the mercury. 

In the following paragraphs, two simple tests are 
given which may be used to judge the purity of mercury 
by visual inspection. These tests are far more accurate 
than any chemical method. It is stated that these 
tests are sensitive to as little as one or two parts in ten 
million. 

A test recommended by Dr. Wichers? is in general use 
for testing mercury which consists merely of placing a 
globule of mercury in a clean porcelain dish and gently 
swirling it around. If it runs freely without leaving 
any tail, it has the necessary purity. The effectiveness 
of this test may be demonstrated on a qualitative basis 
rather easily. Take a clean globule of mercury and 
place a piece of solder in it for a period of 1 or 2 sec. 
At the end of that time, the mercury will readily tail. 

The A.C.S. test*® for base metals is similar. Ten to 
20 gm. of mercury are evaporated on a hot plate without 
boiling, during which operation the mercury must 
retain its bright surface and not develop any film or 
scum. 

The media transmitting pressure to the device being 
calibrated and to the barometer should be free of dirt 
and condensable vapor. Air which has been filtered 
and in which the relative humidity is controlled to a 
low value may be used for this purpose. 
is also considered satisfactory. When there are base 
metal impurities in the mercury, and oxygen is present 
over the mercury surface, oxidation occurs, leaving a 
black residue which adheres to the glass. 
that the barometer is contaminated 
cleaned. 

Referring to Fig. 3, note that immediately following 
the vacuum pump there is a cold trap which consists of 
a condensing flask submersed in a dry ice and acetone 
bath. (A suitable container is the type 820 thermos 
bottle made by the American Thermos Bottle Co.) 
There are at least three reasons for the cold trap: 

(1) The cold trap condenses out the oil vapors from 
the vacuum pump. The low pressures necessary at the 
top of barometers are below the vapor pressure of the 
oil at the temperature at which the vacuum pump 
operates. The oil vapors diffuse into the barometer 
tube where they condense, forming black deposits. 
This condition makes it impossible for the photoelectric 
pickup to properly sight the meniscus top as the tube 
becomes virtually opaque. Mercury will adhere to the 
oily film on the tube wall and cause serious changes in 
meniscus shape. 


Dry nitrogen 


This indicates 
and should be 


(2) The cold trap condenses out water vapors in the 
system. Microscopic droplets of water on the tube 
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wall is a major cause of mercury adherence to the tube, 
A meniscus may adhere to a damp surface to a point 
where it will become concave on a descending column 
and extremely high on an ascending column. This 
change of meniscus shape could result in an error of 
0.050 in. or greater. 

(3) Finally, the cold trap serves as a protection for 
the vacuum pumps. In the event a barometer over- 
flows, the mercury will be trapped and frozen in the 
cold trap. If mercury gets into the vacuum pump, the 
pump will gradually deteriorate and finally lock. 

During the operation of a barometer, it is necessary 
to see that air bubbles do not occur along the mercury 
column inside the tube. Three reasons for the occur- 
rence of these bubbles are: 

(1) If air is admitted to a cistern barometer too 
rapidly, it will be carried into the tube with the mer- 
cury. This may be prevented either by admitting air 
very slowly or by deflecting the air in the cistern so that 
it hits the cistern glass and not the mercury surface. 

(2) When there is a high vacuum present on both 
sides of the barometer, the stainless steel barometer 
base may outgas. It is possible to reduce this effect by 
vacuum baking the stainless steel components of the 
barometers when they are cleaned. 

(3) If a cistern barometer is transferred from one 
location to another, it may have been shaken up to the 
point where air has gotten trapped in the base. One of 
the ways to get rid of the air is to lay the barometer 
down so that all the mercury runs into the cistern. 
Evacuate the tube for approximately 30 min. Then 
place the barometer in a vertical position before remov- 
ing the vacuum. 
service. 


The barometer is now ready for 


It is necessary to give consideration to the type of 
tubing used in the vacuum and pressure lines going to 
the barometer. An inert clear plastic tubing such as 
cobon tubing is satisfactory for this purpose, as is stain- 
less steel tubing. A clear plastic tubing has the added 
advantage of allowing a visual inspection thus ensuring 
a lesser degree of contamination. Ordinary black 
rubber tubing will disintegrate at low pressure and 
contaminate the mercury. It is not advisable to use 
copper tubing because mercury will readily combine 
with copper. 

When making absolute pressure determinations, it is 
necessary to have one leg of the barometer at a high 
vacuum. A high vacuum pump (25 microns or less) 
such as a Welch Model 1400B or equivalent is satisfac- 
tory. It is necessary to subtract 0.001 in. of mercury 
for every 25 microns of pressure left on the vacuum leg 
of the barometer. It is, therefore, desirable to monitor 
the above pressure at all times throughout a test. A 


-thermocouple type vacuum gage such as a Hastings 


Gage (Model DV-1) or equivalent is considered satis- 
factory for this purpose. 

Many cistern barometers are equipped with photo- 
electric readouts. These devices determine the height 
of the mercury column by using the top of the meniscus 
and a photoelectric pickup. If the photoelectric pickup 


| 

| 

| 

| 


tube, 
This 


or of 


n for 
oVer- 
1 the 
the 


ssary 
ccur- 


r too 
mer- 
ig air 
that 
ce. 

both 
neter 
ct by 
f the 


1 one 
o the 
ine of 
neter 
stern. 
Then 
mov- 
y for 


pe of 
ng to 
ch as 
stain- 
idded 
uring 
black 
and 
O use 
nbine 


, it is 

high 
less) 
isfac- 
rcury 
m leg 
ynitor 
t. 
stings 
satis- 


hoto- 
eight 
1iscus 
ickup 


is not well designed, ambient light in the room may 
cause a considerable error in readings. In the case of a 
60-cycle photoelectric pickup being used in conjunction 
with 60-cycle (fluorescent) lighting, errors as large as 
0.010 in. of mercury have been observed. In this 
case, it is necessary to provide extra shielding from the 
fluorescent light. 


CONSIDERATIONS INVOLVING A BAROMETER ACCURATE 
To +0.002 IN. oF MERCURY 


It is desirable to outline briefly some of the care and 
techniques that must be used to obtain an absolute 
accuracy of +0.002 in. of mercury. 

Temperature plays an extremely important role and 
must be controlled to at least 0.05°C. One way is to 
control the temperature of the air in a specific area 
which is located in a temperature-controlled room 
which, in turn, is located within a still larger tempera- 
ture-controlled room. The barometer must be shielded 
from all heat-radiating sources such as lights and 
human bodies. 


The barometer must be a U tube with the diameter 
precision bored to an accuracy of +0.0002 in. This is 
necessary because of the optical considerations involved 
with determining the height of the mercury within the 
tube. In determining the height of the mercury 
column, a cathometer should be used in conjunction 
with a scale which has been engraved to an accuracy of 
+0,0001 in. Corrections must be made for the shape 
of the meniscus. 


The Bureau of Standards has stated that where an 
accuracy of better than 0.002 in. of mercury is expected, 
the installation will be too elaborate to be portable. 


+ 


+ 


In this case, they recommend that the scale and 
thermometer be calibrated at the National Bureau of 
Standards and any further evaluation be done at the 
point of use. 


CONCLUSIONS 


It is intended that this paper should instill a more 
complete appreciation for the problems associated with 
precise pressure measurements. The cost of providing 
pressure instrumentation for an ADC accurate to 0.25 
per cent will be large. As these costs will be reflected to 
the customer, the customer should carefully evaluate 
ADC accuracy requirements in terms of aircraft per- 
formance. 

The present state of the art of pressure measurement, 
typified by cistern barometers, is only partially satis- 
factory for a 0.25 per cent ADC. Satisfactory instru- 
mentation may well consist of U tube barometers used 
in an area where the temperature is controlled very 
accurately. 

It is felt necessary that industry develop new tech- 
niques and special equipment in the area of precise 
pressure measurement. With these, the cost of precise 
pressure measurement in terms of both time and 
money may be substantially lowered. 
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Spin Characteristics for the T-37 (Continued from page 41) 


necessary due to its primary mission function of train- 
ing inexperienced pilots. Results were gratifying in 
that satisfactory recoveries were realized for a number 
of unusual conditions such as: 


(1) Spinning into a dead engine with the other at 75 
per cent r.p.m. 

(2) 90 per cent r.p.m. on both engines. 

(3) Normal recovery from a 5-turn spin after the 
elevator has been eased forward to neutral during the 


first turn (ailerons neutral, with or against the spin; any 
fuel load). 


(4) Slow application of recovery controls. 


(5) Elevator-alone recoveries with rudder free and 
rudder-alone recoveries with elevator free. 


In addition, further work has been done on the fuel 
system which has materially reduced the possible fuel 
unbalance for even unusual operations conditions. 
This serves to assure at all times the excellent spin char- 
acteristics that have been demonstrated. 
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REPORT OF TECHNICAL SESSIONS 
—26th Aunual Meeting, IAS 


New York City, January 27-30, 1958 


By Allan Bernhardt 


if REVIEW is indebted to those Session Chairmen whose informal 
notes have made possible this condensed account of the 1958 
Annual Meeting, held January 27-30, in New York City. It is 
intended to help readers who were unable to attend the meeting to 
decide whether to delve further into technical areas indicated by 
session titles, which appear alphabetically. For preprints still avail- 
able, see page 128, March REview. Some 1958 Annual Meeting 
papers have been published in the REVIEW. Others will appear in 
future issues or in the JOURNAL OF THE AERONAUTICAL SCIENCES. 


AERODYNAMICS: Srymour M. Bocponorr, 
CHAIRMAN—This session heard papers on optimum 
thin lifting surfaces at supersonic speeds; on hydro- 
dynamic stability of curved, laminar, compressible 
flows; Some felt 
that the discussions indicated strongly the keen in- 
terest of the aerodynamicist in problems associated 
with high-speed ballistic missiles as differentiated from 
general airplane aerodynamics. presented 
added much to the mass of information, mostly classified, 
which has been gathered by persons working directly on 
ballistic missiles. 


and on magnetohydrodynamics. 


Papers 


AEROELASTICITYI: R.L. BisPLincuorr, CHAIR- 
MAN—Concerned with questions of static aeroelasticity 
and dynamic response, this session presented an in- 
teresting array of discussions. The audience was 
shown how experiment and theory can be used system- 
atically to predict aerodynamic derivatives of elastic 
airplanes. Two papers gave those present the oppor- 
tunity to compare theories on the response of elastic 
airplanes to gusts with good experiments. A fourth 
paper, indicative of the type of problem facing aero- 
elastic and dynamics engineers, dealt with the inter- 
action between elastic forces and combustion forces. 
A gun support structure was shown to alter the load 
and exit velocity of an ejected store. 


AEROELASTICITY II: A. H. Frax, CHarrMAN— 
A description of a method for calculating stability and 
flutter derivatives on bodies which is based on linear 


The author is Associate Editor of the Review. 
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Arthur E. Raymond (left), winner of the 1957 Daniel Guggen- 
heim Medal, looks on as Mundy |. Peale, IAS 1957 President 
(right), prepares to present a certificate of Honorary Fellowship to 
Bo K. rot Lundberg, Director, Aeronautical Research Institute of 
Sweden. Mr. Raymond is Vice-President, Engineering, Douglas 
Aircraft Company, Inc. 


perturbation around a mean flow as described by the 
full nonlinear potential flow equation began this session. 
Another paper was concerned with wing flutter at high 
Mach Numbers and involved the application of several 
simplified nonlinear theories. Also considered was 
calculation of stresses and vibration frequencies for 
curved beams and curved prismatic shells and the 
effect of time in varying parameters, such as density 
or velocity, on experimentally determined flutter 
boundaries. 


AIR TRAFFIC CONTROL: Davin D. Tuomas, 
CHAIRMAN—The current explosive growth of aif 
traffic was defined and some of the available tools and 
present procedures were outlined in this session. In- 
terest shown by the audience reflected that United 
States commerce and defense both are thoroughly 
dependent on the ability of the air traffic control sys- 
tem to permit aircraft to move safely and swiftly. 


DESIGN AERODYNAMICS: C. E. _ Pappas, 
CHAIRMAN—Two papers of this session dealt with 
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minimization of the wave drag by modification or 
addition of a body over a subinterval of a given overall 
airplane configuration. Numerical solutions were pre- 
sented by both. Successful firings of complete air- 
craft models in the aeroballistics range were recorded 
in the third paper, with comparisons between results 
obtained in the aerodynamics range and various high- 
speed tunnels. The fourth paper in this session, by 
Mark H. Clarkson, was published in full in the Feb- 
ruary REVIEW (pp. 33-36). 


EARLY WARNING FOR AIR DEFENSE: L. V. 
BERKNER, CHAIRMAN—Radar early warning as a vital 
protection device for the United States was outlined 
in clear fashion by the initial paper in this session. 
The role of the DEW Line, operational aspects of the 
SAGE System, and a comparison between the prob- 
lems of early warning in NATO Europe and in North 
America filled out the session. 


EARTH SATELLITES: JosepH Kapian, CuHair- 
MAN—Cameras being used to determine orbital po- 
sition of a satellite to within 30 ft., the liquid oxygen- 
hydrocarbon rocket engine designed to produce 27,000 
Ibs. thrust for about 140 sec. in the first stage of Van- 
guard, the Vanguard guidance system, and considera- 
tions paramount in the instrumentation of a small satel- 
lite were described in this session. 


EDUCATION: Vincent S. HANEMAN, JR., CHAIR- 
MAN— Discussions in this session raised several points: 
(a) that a severe, if not critical, bottleneck in engineer- 
ing education is the shortage of engineering teachers in 
colleges and that, while scholarship and student loans 
are going unused, aid to teachers in the form of both 
financial assistance and increased prestige is required 
to entice the young, qualified, aggressive, potential 
engineer into a teaching career; (b) that surface 
knowledge of the various subject matters is not suffi- 
cient—a broad background of much depth is required 
to make the student of today the leader of tomorrow; 
(c) that in order to design and construct creative 
“tigers” in the engineering world a method of instilling 
a degree of mental dissatisfaction must be found to en- 
sure continued desire for learning and knowledge 
throughout the life span of the recipients of our educa- 
tion efforts. 


ENGINEERING MANAGEMENT: Joe. Jacos- 
SON, CHAIRMAN—This panel discussion on Long- 
Range Planning developed the following thoughts: A 
long-range plan would extend the consideration of 
company activities to include change in the character 
of the business in order to attain a desired goal which— 
be it maximum profit, maximum stability, maximum 
size, etc.—is more important than the long-range plan 
itself. It is essential only that the plan provide for the 
channeling of company activities to attain the desired 
goal. It must therefore be constantly reviewed and 
reoriented. Planned activities must be suitably timed 


and must be based on a thorough knowledge of the 
changing economic, social, and political conditions. 


FLIGHT SAFETY: JeRoME LEDERER, CHAIRMAN— 
Some of the most significant problems facing the civil 
aviation industry were discussed at this session. 
They included regulatory measures to achieve safety 
in jet operations, the problems of preventing mid-air 
collisions, the questions that airline management 
should ask itself in planning for the operation of jets, 
and means to improve survival in the event of accident. 


GRAVITY: CuarLes TILGNER, CHAIRMAN—This 
session likened the state of relativity theory today to 
the state which would exist in hydrodynamics if only 
the propagation of a sound wave had been deduced from 
the theory. While theoreticians are trying to deduce 
all that is contained in the high nonlinear equations 
of the general theory of relativity, the experimentalists 
are probing the far reaches of the universe with optical 
and radio telescopes, cataloguing new nuclear particles, 
and creating miniature galaxies with plasma guns. 
Antigravity was held beyond the scope of present re- 
search, which still is trying to understand gravitational 
theory. 


HYPERSONIC AERODYNAMICS: W. R. Sears, 
CHAIRMAN—It became clear during this session that 
the classical blunt-body problem of hypersonics— 


A major pause during the busy technical sessions was the Honors 
Night Dinner and reception at which Mundy I. Peale (left) presented 
a certificate of Honorary Fellowship to William Littlewood. Mr. 
Peale was |AS 1957 President and is President, Republic Aviation 
Corporation. Mr. Littlewood is Vice-President, Equipment Re- 


search, American Airlines, Inc. 
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the problem of calculating the shape of a detached bow 
shock wave in front of a blunt nose and the pressure 
distribution on the nose—finally has been solved for 
practical purposes. Successful techniques involve as- 
suming the shock shape and calculating the flow 
pattern and nose shape that correspond to it. Re- 
maining are the questions of chemical dissociation 
and recombination of air under the high-temperature 
conditions of hypersonic noses, though recent research 
findings have relieved some of their urgency. 


INSTRUMENTS FOR HIGH-SPEED AIRCRAFT: 
REAR ApM. LUIS DE FLOREZ, CHAIRMAN—This session 
considered the USAF advanced instrument develop- 
ment program and the Army-Navy instrumentation 
program and disclosed a pilot’s opinion of instruments 
to be required in the aircraft of the future. Efforts 
which have been made and are being continued by the 
military services were described. 


METEOROLOGY: Rosert D. FLeTcHer, CHarr- 
MAN—Increased use of the balloon, manned and un- 
manned, for use both as a research and an operational 
tool for meteorology and geophysics in general, was 
indicated during this session. 
recent accomplishments. The Chairman referred 
to the balloon as an “invaluable meteorological observa- 
tory, with its capability of measuring high level winds, 
temperatures, and densities; of photographing cloud 
systems from above; of securing atmospheric-radiation 
data, magnetic-force, and cosmic-ray information.” 


Papers outlined its 


MISSILE GUIDANCE: R. E. 
MAN—Papers brought out the complexity and 
sophistication of problems solved in this field of auto- 
matic control. Debated were the external and in- 
ternal sources of intelligence, communication links and 
receivers available for guidance toward a variety of 
targets; an analysis of factors entering into the selec- 
tion and use of intelligence, when it is desired to design 
missiles giving the highest performance under realistic 
conditions of signal, noise, and dynamic response; 
the design philosophy and development of a fully 
automatic system for providing an antiaircraft missile 
with all the information for accurate guidance; and 
problems arising from the boundary conditions that 
must be met if a satellite is to be guided into orbit to 
yield the maximum amount of scientific data. 


GIBSON, 


MISSILES AND MISSILE PROPULSION: Wit- 
son H. HuNTER, CHAIRMAN—This session consisted 
of addresses by representatives of the Air Force, 
Navy, and Army. The remarks of this group are not 
available in the usual preprint form, and no abstracts 
were provided prior to their appearance. 


MISSILE STRUCTURES: Enric REIsSNER, CHAIR- 
MAN—lIncluded in this session were two papers on vi- 
brations of cylindrical and conical shells, one paper on 
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optimum keyway design by thin shell theory, and one 
paper on general methods of semimonocoque analysis 
utilizing high-speed computing devices. 


PROPULSION AERODYNAMICS: Frank E. 
MARBLE, CHAIRMAN—This session included papers on 
a theory of wing-propulsion combinations in slow flight, 
the transonic flow field of an axial compressor blade 
row, supersonic airfoil performance with small heat 
addition, and the jet-flapped wing in two- and three- 
dimensional flow. The latter was a survey of 
theoretical investigations and comprised the more 
important results of four reports prepared during 1957 
at Lockheed’s Marietta, Ga., installation. 


SPACE MEDICINE: Major Gen. Oris O. BENson, 
Jr., USAF, CHAIRMAN—The first paper in this session, 
by Major Charles A. Berry, USAF (MC), was pub- 
lished in full in the March Review (pp. 35-38, 60). 
Others dealt with supersonic and hypersonic human 
flight, the biodynamics in human flight, cybernetics 
in human flight, and future prospects in human flight. 
The final paper, by Dr. Hubertus Strughold, may be 
found in this issue of the REview (pp. 30-32). 


SPACE PROPULSION: Krarrr A. EnRICKE, 
CHAIRMAN—The general outline of a booster propul- 
sion system for a space vehicle was presented, based on 
the current state of the art, in the first paper of this 
session. It was concluded that no major break- 
throughs are required to achieve such a system. The 
second paper, by Robert Dillaway, is published in full 
in this issue of the REVIEW (pp. 42-49). The third and 
final paper of the session discussed an auxiliary power 
supply for space vehicles. 


STRUCTURES: J. M. FRANKLAND, CHAIRMAN— 
The initial paper of this session pointed out that 
effects of sectional distortion on the strength and 
stiffness of curved stiffeners can be large. Support- 
ing experimental data and design charts were presented. 
The second dealt with creep tests of large bolted joints 
of aluminum alloy. Satisfactory predictions of joint 
life could be made on the basis of material tests. No 
size effect was apparent. Both remaining papers were 
concerned with fatigue. One questioned whether safety 
in fatigue could best be achieved by use of lower- 
strength material and indicated that the use of specially 
designed details would permit a lighter structure in 
the stronger material. The other described fatigue 
tests of a C-130A fuselage in a hydraulic tank and 
discussed various failures encountered. 


STRUCTURES—HIGH-TEMPERATURE EF- 
FECTS: Bruno A. BoLey, CHAIRMAN—The five 
papers of this session covered the whole field of high- 
temperature structures with the exception of the ma- 
terials properties phase. The first dealt with design 
and weight considerations, the next two with the heat 
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conduction problem, and the last two with some 
aspects of structural analysis proper at elevated tem- 
peratures. The first paper considered in some detail 
actual operating conditions and represented a needed 
first step in the field. The second and third papers of 
the session considered calculations of temperature dis- 
tribution, respectively, numerically and analytically, 
indicating the high concern which structural engineers 
must now have for the heat conduction process itself. 
The fourth paper presented a new theory of creep 
buckling which explains the experimentally observed 
behavior of columns subjected to a constant axial load 
and a high-temperature ambient. The last paper pre- 
sented several cases of heated and loaded rectangular 
sandwich plates and gave some results in short form for 
ready practical use. 


ROTARY-WING AIRCRAFT DESIGN: Rosert 
WAGNER, CHAIRMAN—Considerable interest was in 
evidence during the discussion following the two papers 
on ducted fans. There was general agreement that 
additional testing is needed before full understanding 
of the behavior of ducted fans is reached, particularly 
in the region of yawed flight. In the discussion follow- 
ing the paper on rotor blade weights, digital computa- 
tion was recommended as a means of more exactly de- 
fining blade parameters and blade weights. Certain 
opposition to this technique, as being necessary or even 


desirable for parametric coniparisons, was expressed. 
In blade deicing discussions, some concern was cen- 
tered about the fate of ice shed from blades—i.e., 
whether it contacted other portions of the machine such 
as tail rotor, etc. It was pointed out that, with the 
shedding of ice 1/32 to 1/16 in., any damage caused 
would not be severe. 


ROTARY-WING AIRCRAFT DYNAMICS: Rosert 
G. Loewy, CHAIRMAN—Papers in this session’ gave an 
analysis of the vertical flight dynamic characteristics 
of the lifting rotor with floating hub and offset coning 
hinges; described an application of the direct analog 
computer method to the analysis of helicopter rotors in 
vertical flight; and investigated (a) the handling qual- 
ities of a single-lifting rotor helicopter in hovering, low 
speed, and cruising flight, (b) the pitch-lag instability 
of helicopter rotors, and (c) pitch-lag instability as en- 
countered during tests of model rotor. 


VTOL-STOL AIRCRAFT: Capt. SYDNEY S. SHERBY, 
USN, CHAIRMAN—This session concerned itself with 
two papers on research, a third looking into the future 
of VTOL supersonic transports, a fourth discussing 
the thinking of the Navy in applying the capabilities 
of VTOL-STOL aircraft, and a fifth dealing with the 
Army VTOL test bed program, 
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FF-19 Combustion—An_ Aeronautical Sci- 

ence—H. W. Emmons, 1958 Minta 

Martin Aero. Lecture $0.75 $1.25 
FF-18 On the Main Spray Generated by 

Planing Surfaces—Daniel Savitsky 


and John P. Breslin. 0.75 1.25 
FF-17 Atomic Reactors (a Symposium). 1.25 ga 
FF-16 Inertial Guidance—W. Wrigley, R. 

B. oodbury, end J. Hovorke 


(revised version of Prep. No. 698). 0.75 1.25 
FF-15 Some Concepts and Problem Areas in 


Aircraft Flutter—l. E. Garrick, 

The 1957 Minta Martin Aero- 

nautical Lecture. 0.50 1.00 
FF-14 Engineering Management Philosophies 

(a Symposium). 0.50 1.00 
FF-12 Transonic Testing Techniques (a Sym- 

posium). 1.85 2.50 


FF-11 Wetted Area and Center of Pressure of 
Planing Surfaces at Very Low Speed 
Coefficients—Experimental Towing 
Tank, Stevens Institute of Technology. 1.20 1.60 
FF-10 = Improved Solutions of the Faulkner and 
Skan_Boundary-Layer Equation—A. 
O. Smith. 0.75 1.25 
FF-9 A Hydrodynamic Study of the Chines- 
Dry Planing Body—Experimental 
Towing Tank, Stevens Instit. of Tech. 1.20 1.60 
FF-7 Natural Flight and Related Aeronau- 
tics—James L. G. Fitz Patrick. 9.65 3.50 
FF-4 Finite Deflections of Curved Sandwich 
Plates and Sandwich Cylinders—F. 
K. Teichmann and Chi-Teh Wangs. 0.50 0.85 
FF-3 The Penetration of a Fluid Surface by a 
Wedge—Experimental Towing Tank, 
Stevens Institute of Technology. 1.20 1.60 
FF-2 A Study of the Flow, Pressures, and 
Loads Pertaining to Prismatic Vee- 
Planing Surfaces — Experimental 
Towing Tank, Stevens Instit. of Tech: 1.20 1.60 
AHS-1_ Helicopter Flight Research at NACA, 
Langley—Jack P. Reeder. 0.35 0.75 
286 Linearized Treatment of Supersonic 
Flow Through Axi-Symmetric Ducts 
with Prescribed Wall Contours— 
Charles E. Mack, Jr., and Ignace I. 
Kolodner. 0.75 1.25 
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244 Wetted Area and Center of Pressure of 
Planing Surfaces—Experimental 
Towing Tank, Stevens Institute of 
Technology. $0.75 $1.00 


229 Wave Profile of a Vee-Planing Surface, 

Including Test Data on a 30° Dead- 

rise Surface—Experimental_ Towing 

Tank, Stevens Institute of Technol- 

ogy. 1.20 1.60 
170 Wave Contours in the Wake of a 10° 

Deadrise Planing Surface—Experi- 

mental Towing Tak Stevens Insti- 

tute of Technology. 1.20 1.60 
169 The Discontinuous Fluid Flow Past an 

Immersed Wedge—Experimental 

Towing Tank, Stevens Institute of 

Technology. 0.75 1.00 
168 Wave Contours in the Wake of a 20° 

Deadrise Planing Surface—Experi- 

mental Towing Tank, Stevens Insti- 

tute of Technology. 1.20 1.60 
167 On the Pressure Distribution for a 

Wedge Penetrating a Fluid Surface— 

Experimental Towing Tank, Stevens 

Institute of Technology. 0.75 1.00 
166 An Analysis of the Fluid Flow in the 

Spray Root and Wake Regions of 

Flat Planing Surfaces—Experimental 

Towing Tank, Stevens Institute of 


Technolosy. 1.20 1.60 
165 Theory and Practice of Sandwich Con- 
struction in Aircraft (a Symposium). 1.85 2.50 


126 External Sound Levels of Aircraft—R. 
L. Field, T. M. Edwards, Pell Kangas, 


and G. L. Pigman. 0.75 1.00 

106 Measurement of Ambient Air Tempera- 
ture in Flight—W. Lavern Howland. 0.35 0.50 

104 Tensor Analysis of Aircraft Structural 
Vibration—Charles E. Mack, Jr. 1.85 2.50 

102 Electrical Resistance Strain Gages Ap- 

lied to Wind-Tunnel Balances— 
Imer C. Lundquist. 0.60 0.80 

101 Introduction to Shock Wave Theory— 
J. G. Coffin. 2.65 3.50 

100 Blade Pitching Moments of a Two- 
Bladed Rotor—R. W. Allen. 0.75 1.00 
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A CONCEPT OF SCIENCE 


Five years ago, The Martin Company con- 
ceived a unique undertaking in the field of 
pure science which grew out of a belief that 
our own and our country’s resources in crea- 
tive scientific research must be greatly 


enlarged and cultivated. 


We believed that the country—and the Com- 
pany—that concentrates on short-range ma- 
terial achievements, without a deep concern 
for the creative source of tomorrow's even 


greater achievements, will have no tomorrow. 


Itis now three years since that belief motivated 
management's action with the foundation of 
a program in pure research. Known as the 
Research Institute of Advanced Study, RIAS 
is now a substantial organization staffed by 
scientists who are working in many fields, 
including theoretical physics, biochemistry, 
metallurgy and mathematics, without short- 


range applied research requirements. 


Today, the increasing appeals to industry and 
the nation for accelerated activities in basic 
research give the RIAS story a special signifi- 
cance. For creative research in pure science 
is the true life source of our technological 
security — the “seed bed” from which our 


national strength shall continue to grow. 


MVE £4 FEN 


BALTIMORE *DENVER* ORLANDO 


IAS News (Continued from page 18) 


Equipment Section. . . . Radio Division 
has announced the appointment of Robert 
L. Adams as Assistant Manager, Govern- 
ment Products. . . . Friez Instrument 
Division has announced the appointment 
of Murray Kanes to the post of Director, 
Engineering. . . . Pacific Division reports 
E. Wayne Copeland has been appointed 
Telemetering Sales Manager. 


e@ Boeing Airplane Company has estab- 
lished a new organization called Boeing 
Scientific Research Laboratories ‘‘to de- 
velop new fundamental knowledge at the 
frontiers of science.’’? George S. Schairer, 
Director of Research, will serve as Acting 
Director pending appointment of a scien- 
tific director. C. B. Gracey has been ap- 
pointed Vice-President, Operations; 
George C. Martin succeeds to Mr. Gracey’s 
former post, General Manager, Seattle 
Division, and H. W. Withington has been 
named Division Chief Engineer. . . . The 
firm also announced it is working on two 
new missile projects—an advanced Bomarc 
and an antiballistic missile system. .. . 
Transport Division announced details of 
the 720 intermediate-range airliner: pow- 
ered by a new version of the Pratt & Whit- 
ney J-57—the JT8C, top speed, 600 
m.p.h.; gross payload of 33,000 Ibs.; 130 
passengers (tourist class); maximum 
range, 2,600 miles; same external dimen- 
sions as the 707. 


@ Cornell Aeronautical Laboratory, Inc., 
has announced the addition of Roger W. 
Walker to its staff as Assistant General 
Manager. The Laboratory also an- 
nounced five technical and one administra- 
tive appointment to its new combat sur- 
veillance group in Washington, D.C.: 
Herbert Nye, Assistant Head, Systems 
Requirements Department—Director of 
the group; Walter Brewer, Assistant 
Head, Systems Synthesis and Evaluation 
Group; Mark Foster, Head, Technical 
Characteristics Group; and Arthur Whit- 
ing, Head, Systems Requirements Group. 
John Egly has been named Administrative 
Assistant to Dr. Nye. 


e Edo Corporation reports four interna- 
tional airlines have ordered Edo Airborne 
Loran as original equipment for their com- 
ing jet and turboprop fleets. The equip- 
ment consists of a remotely installed re- 
ceiver unit occupying a 3/4 ATR rack, a 
compact pilot-operated command control 
installable in the cockpit, and a 3-in. 
scope. 


e Elastic Stop Nut Corporation of America 
has announced a new line of self-locking, 
floating anchor nuts with a deep counter- 
bore, designed to speed production and re- 
duce weight of airframe and aircraft com- 
ponents where members of varying thick- 
nesses must be joined. 


e Fairchild Camera and Instrument Cor- 
poration has announced integration of its 
Reconaissance Systems and Electronics 
divisions into a new Defense Products 
Division. Charles J. O’Donnell has been 
named General Manager of the new 
division; Raul H. Frye is Assistant GM 
in charge of marketing and sales. R. G. 
Hennessey has been promoted to General 
Manager of the firm’s Industrial Camera 
Division. 
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e Fairchild Engine and Airplane Corpora- 
tion reports that its new guided missile 
Bull Goose has been successfully fired 
many times by the Air Force. An air 
breathing vehicle, it is said to serve 
variety of mission needs for SAC. The 
firm’s Aircraft Division has the prime 
contract for the missile; power plant is 
being produced by the Engine Division 
and the guidance system by the Guided 
Missiles Division. 

e@ The Firestone Tire & Rubber Company 
has announced the two new high-speed 
aircraft tires called Sky Champions for 
200-m.p.h. take-off and landings. Th 
firm says they will be original equipment 
on the Boeing 707. 

The Garrett Corporation... AiResearch 


Aviation Service Division has named 
Harold Richardson Assistant Manager. 
E. A. Bellande, a Vice-President of the 
company and Vice-Chairman of the 
Board, has been named to head Foreign 
Operations and Support Services 


General Dynamics Corporation .. . 
Canadair Limited (Subsidiary) has an- 
nounced that a turboprop version of the 
two-engine Convair Liner will be built for 
the RCAF and for airlines in a commercial 
configuration. Canadair will take over 


from Convair (San Diego) complete tool- 
ing and will set up production at Montreal. 
The new aircraft will be called the Cana- 
dair Cosmopolitan and will be powered by 
British Napier Eland-6 turboprop engines. 
Statistics: 


Gross weight, 53,200 Ibs.; 


“PONY POWER” MOTORS 


that give stamina to your products 


Lamb Electric fractional horsepower motors, like the small 
horses of the famed western-pioneer-day Pony Express, are 


developed for stamina. 


Their dependability, and efficiency (optimum weight-size- 
horsepower ratio) are qualities that result from proper design 
and careful manufacture by personnel with many years of ex- 


perience in the small motor field. 


May we demonstrate how Lamb Electric Motors can bring these 
advantages—and also perhaps lower costs—to your products? 


THE LAMB ELECTRIC COMPANY ° 


KENT, OHIO 


A Division of American Machine and Metals, Inc. 
In Canada: Lamb Electric — Division of Sangamo Company Ltd.—Leaside, Ontario 


Electric 


SPECIAL APPLICATION MOTORS 
FRACTIONAL HORSEPOWER 


Radar voltage regulator 
gear motor. 


A rugged high-torque, 
high-speed motor. 


Motor with efficient 
spur gear speed reducer. 
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cruise speed, 326 m.p.h.; payload ca- 
pacity, 44 to 60 passengers or 10,000 to 
15,000 maximum range, 1,700 
miles. .. . The Electric Boat Division and 
General Atomic Division are working 
jointly on a prototype gas-cooled reactor, 
closed-cycle gas-turbine plant for merchant 
ship propulsion for the AEC and Maritime 
Administration, the firm announced... . 
Convair (Fort Worth) has announced that 
the B-58 is being equipped with a General 
Electric Vulcan tail gun. . . . Stromberg- 
Carlson Division has announced the ap- 
pointment of James F. Conolly, Jr., as 
Administrator of its electronics division. 


e@ General Electric Company .. . Aircraft 
Gas Turbine Division has announced the 
extension of a technical interchange agree- 
ment with DeHavilland Engine Company 
of Great Britain which will include pro- 
duction overseas of the T58 small turbo- 
shaft engine. Neil E. Firestone has been 
appointed General Manager of the divi- 
sion’s Production Engine Department 

© General Precision Equipment Corpora- 
tion has announced the appointment of 
Herbert W. Ziebolz as Coordinator of In- 
dustrial Systems and Assistant to the 
Vice-President, Engineering. Link 
Aviation, Inc., has announced the election 
of David D. Mason as President of the 
firm. ... Kearfott Company, Inc., has or- 
ganized an Astronautics Laboratory within 
its Navigation Projects Department. 
eG. M. Giannini & Co., Inc., has an- 
nounced the election of Donald H. Put- 
nam as President of the firm. Robert 
Hodges has been named Manager, Air- 
borne Systems Division. 


e The B. F. Goodrich Aviation Products, 
a Division of The B. F. Goodrich Com- 
pany, has named Bernard P. Rothermel 
Manager of Accounting at the firm’s new 
rocket motor development plant in 
Rialto, Calif. 

® Johns-Manville Sales Corporation... 
Industrial Insulations Division has an- 
nounced the development of a new insula- 
tion material for missiles and rockets, the 
“Min-K,”’ said to possess lower thermal 
conductivity than any other known insula- 
ting material. The firm says it would use 
one-third less space when applied to a mis- 
sile, thus increasing fuel capacity. 

e Kelsey-Hayes Company .. . Utica 
Metals Division reports that F. N. Dar- 
mara, General Manager, has been named 
to the NACA subcommittee on power- 
plant materials. 


@ Lear, Incorporated . . . Grand Rapids 
Division has reorganized its Contracts 
Division to include a Marketing Depart- 
ment under direction of R. N. Nielsen, 
former Manager, Missile Product Sales. 


e Liberty Aircraft Division, H & B Ameri- 
can Machine Co., Inc., is the new name for 
what formerly was Liberty Aircraft Prod- 
ucts Corp. H & B bought the Farming- 
dale, L.I., firm on January 2. 


@ Lockheed Aircraft Corporation, Missile 
Systems Division is building a 15,000- 
m.p.h. wind tunnel with a temperature ex- 
treme of 6,000 deg. at the Palo Alto re- 
search and development laboratories. 
Louis N. Ridenour, the division’s head of 
research, has been appointed to the Air 
Force’s Scientific Advisory Board. 
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Typical of OEM Variac users is Consolidated Elec- 
trodynamics Corporation of Rochester, New York. Their 
line of high-vacuum pumps, stills, and metallizing equip- 


for ORIGINAL E Q UIPMENT ment depends upon Variacs to provide long, reliable service 
for controlling laboratory and production processes. 
MANUFACTURERS 


Variacs are used as heat controls on CEC’s Centrifugal Molecular 
Stills. These stills are capable of distilling any non-corrosive, heat- 
sensitive material having a molecular weight between 200 and 1200 
that can be liquefied without molecular change. The model shown 
has sufficient capacity for pilot-plant distillation operations. 


The Evapor-ion Pump is a vacuum pump with no outlet. Titanium wire is fed Variac continuously-adjustable autotransformers 
into the center of the pump and is vaporized electrically. Upon striking the provide OEM users with high-efficiency voltage controls 
cooled pump wall, this vapor condenses into a thin layer. Molecules of active f li a All Vari h D k 
gases wandering into the pump strike this layer and are held as compounds by or a-c app ications . — arlacs ave uratral contact 
the titanium. Those gas molecules that are inert are ionized by electrons radi- Surfaces of plated silver alloy to eliminate oxidation prob- 
ated from a heater filament — an accelerator grid then drives these ions into lems that are present with bare copper brush tracks. . . 
the titanium layer, where they are buried by subsequent condensation. This Variacs can withstand initial surges up to ten times their 
constant removal of air molecules by evaporation and ionization produces a 1 a S h 2 di fi 
pressure in the range from 10- to 10-* Hg. Three Variacs are used tocon- Ormial ratings . . . smooth continuous a justment rom 
trol titanium wire-feed rate, heater and accelerator-grid potentials. 0 up to 117% of input is possible . . . Less than 50°C tem- 
perature rise under continuous operation... Can be easily 
designed into equipment for either panel, behind panel, 
wall, or table mounting . . . Available with current ratings 
from 2.4 to 50 amperes and may be ganged for additional 
capacity or polyphase operation . . . Available in ball bear- 
ing, or motor-driven forms . . . Variacs also available for 
350- to 1200-cycle service... All Variacs are covered by a 
2-Year-Warranty — additional life insurance for manu- 
facturers who build equipment for long, trouble-free 
service. 

Variacs for every need — Quantity and OEM discounts 
available . .. We invite your inquiry. 


Ganged Unit 


Variacs are used for con- 
trolling work heat, metal 
evaporation, and pump 
heat on CEC’s High- 
Vacuum Metallizing Equip- 
ment. The model shown is 
designed for production- 
rate metallizing of small- 
sized plastic, metal, or 
glass pieces. 


GENERAL RADIO Company 


Portable 


with Overload Protector | Basic Model 


WE SELL DIRECT. Our District Sales 
Offices are staffed by engineers especially 


trained to help you in the selection of instru- 
275 Massachusetts Avenue, Cambridge 39, Mass., U.S.A. end 
— t ds. We weicome your inquiries — 

NEW YORK AREA: Tel. N. ¥. WOrth 4-2722, N. J. WHitney 3-3140 CHICAGO: Tel. Village 8-9400 


will help solve your problems. 
PHILADELPHIA: Tel. HAncock 4-7419 WASHINGTON, D. C.: Tel. JUniper 5-1088 


SAN FRANCISCO: Tel. Whitecliff 8-8233 LOS ANGELES 38: Tel. HOllywood 9-6201 
In CANADA, TORONTO: Tel. CHerry 6-2171 
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TAKES YOUR EYE TO 
INACCESSIBLE” INTERIORS 
The National Fontar® 

Borescope provides sharp, 

critical close-up vision aid- 

ed by bright lighting in any 

bore, threaded hole, re- 
} cess or interior surface of 
the cast, drawn, welded or 
molded product. All that 
is needed is a point of 
entry .10” or larger.... 
It's today’s essential for 
high Quality Control 
standards. Our new and 
free catalog illustrates 
and describes applica- 


ASK FOR ‘BORESCOPE CATALOG’ 


{ NGELHARO (NOUS 


NATIONAL ELECTRIC INSTRUMENT DIVISION 
92—21 Corona Avenue * Elmhurst 73, New York 


CHRISTIE 


SILICON 


POWER 
RECTIFIERS 


Available in Industrial 


For 
Missile 
Testing 


and Military types. Mili- 
30 to 300 Amps tary type meets specs 
MIL-E-4970 and MiL-I- 


6181. Other stationary 


and mobile styles avail- 


able up to 1500 Amps. 


Write for 
Bulletin 
AC-58-A 


CHRISTIE ELECTRIC CORP. 
Dept. AE, 3410 W. 67th St., los Angeles 43 


Over a Quarter Century of Rectifier Manufacturing 
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Georgia Division reports that a Direct 
Analogy Electric Analog Computer is 
being installed in the plant’s engineering 
electronic computer center. 


e Marquardt Aircraft Company has desig- 
nated Astro as the name for its Long- 
Range Planning & Research Division. It 
is a contraction of Air-Space Travel Re- 
search Organization. 


@ Pan American World Airways, Inc., has 
announced that it will establish a jet over- 
haul base on 112 acres at Miami, Fla. The 
base will include maintenance shops and 
supply depots, international cargo area, a 
building for Latin American Division 
executive and general offices, five hangars, 
two nose docks, and 47 acres of paved 
ramp and taxi area. 


@ Pesco Products Division, Borg-Warner 
Corporation, has announced formation of 
a new Automatic Warehousing Branch to 
specialize in design and fabrication of 
automated systems. 

e The Ramo-Wooldridge Corporation has 
named Irwin A. Binder Vice-President for 
Manufacturing. 


e Republic Aviation Corporation reports 
the Alouette II rotojet helicopter has been 
certified for commercial operation in the 
United States. Republic is licensed to as- 
semble and sell the helicopter here. Four 
Republic executives named to the NACA 
committees are Alexander Dartveli, Vice- 
President, Research and Development— 
aerodynamics; William J. O’Donnel, Chief 
Engineer, Aircraft and Missiles Develop- 
ment—internal flow; William I. Steiglitz, 
Design Safety Engineer—flight safety; 
and Albert Epstein, Chief Design Re- 
quirements Engineer—aircraft loads. 

e Ryan Aeronautical Company has named 
Herbert E. Ryker Assistant to Executive 
Vice-President George C. Woodard. 

e Simmonds Accessories, Inc., has an- 
nounced the availability of a fuel injection 
test stand designed for testing Simmonds 
fuel injection systems for gasoline engines. 
Data Sheet No. PD 3513-1 is available 
from the firm at Tarrytown, N.Y. 

e Sperry Gyroscope Company Division of 
Sperry Rand Corporation has been named 
prime contractor for development and 
production of electronic countermeasures 
for SAC B-52’s. 

e Stanley Aviation Corporation has de- 
veloped a rapid response gamma radiation 


counter said to have a response rate on the 
order of 10 millisec. or better. The com- 
pany also announced that James H. Klein 
has joined its staff as Chief Research Engi- 
neer. Dr. Klein will be engaged in expand- 
ing technical capabilities of Stanley and in 
extending and diversifying its activities 
to the missile and nuclear power fields. 

e Thompson Products, Inc., has taken 
Kolecast Industries, Inc., a wholly owned 
subsidiary, into the parent firm as “Kol- 
cast Industries, a Division of Thompson 
Products, Inc.”’ 

@ United Air Lines, Inc., has announced 
the appointment of Alfred M. Salmon as 
resident representative for the firm at the 
Boeing Airplane Company _ Transport 
Division. Staff promotions recently an- 
nounced are: (Chicago offices) Richard A, 
Young, Assistant to the Vice-President— 
Facilities and Property; George E. Mar- 
shino, Facilities Manager; Spence LeRoy, 
Property Manager; (San Francisco) E. J. 
Lupien, Facilities and Property Manager; 
Robert E. Worcester, Facilities Manager; 
and W. E. Ottenstein, Technical Staff As- 
sistant—Facilities. 

e United Aircraft Corporation . . . Hamil- 
ton Standard Division has announced the 
appointment of Paul Helweg as Assistant 
Sales Manager, Electronics Department. 
Charles H. Jackson has joined the de- 
partment staff as Project Engineer, Ad- 
vanced Design Group. 
e@ Vertol Aircraft Corporation’s Board of 
Directors has approved acquisition of 
Allied Research Associates, Inc., of Boston 
and has elected the firm’s President, 
Lawrence Levy, a Vertol Director. 

e@ Vickers Incorporated . .. J. Frank 
Forster has been appointed President of 
Vickers. He succeeds Kenneth R. Her- 
man who was elected an Executive Vice- 
President of Sperry Rand Corporation, of 
which Vickers is a division. Walter L. 
Flinn has been promoted to the newly 
created position of Staff Director—Defeuse 
Activities. Fred A. Klemach has been ap- 
pointed Senior Staff Engineer for missile 
applications. 

e@ Western Gear Corporation reports that 
all San Francisco Bay Area operations of 
the firm will be concentrated at its Bel- 
mont Works. The company also an- 
nounced that new buildings and enlarge- 
ment of present structures is under way. 
The Industrial Products manufacturing 
division will be located at Belmont. 


Atlanta Section 


Movie Produced 
for Student Branches 
\ new 20-min. sound film, Advance and 
Be Recognized, has been produced by Sec- 
tion members for the more than 4,000 
Student Members of the IAS. The film 
will be available to them at an early date. 
The movie describes the 1957 South- 
eastern Regional Student Conference as 


seen through the eyes of one student at- 
tending. It traces each phase of this 
representative conference, including field 
trip, presentation of student papers, and 
the prize award banquet. 

Prints will be sent to all conference hosts 
for distribution to Student Branches in 
the area covered by each conference. In- 
formation on circulation of the film will be 
sent to Branch faculty advisers by con- 
ference hosts. 
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Pneumatic controls 


Ratio pressure regulators 


16 types 


Differential pressure 
regulators 
414 types 


AiResearch is the largest 
designer and manufacturer of 
pneumatic controls for the air- 
craft and associated industries. 
During the past 10 years more 
than 300,000 units have been 
produced and are in service. 


AIRCRAFT 


Pneumatic switches 
10 types 


Temperatures of the fluids 
(including gas and liquids) 
range from —400°F to 
+2000°F at pressures to 
+6000 psig. The units operate 
at any ambient pressure at 
ambient temperatures from 


Flow regulators 
28 types 


Pneumatic engine 
computer-controllers 
6 types 


—300°F to over +1000°F. 
Line diameters range from % 
inch to 15 inches. 

This equipment is developed 
and tested in the finest pneu- 
matic facilities in the world. 
Your inquiries are invited. 


ENGINEERING REPRESENTATIVES: AIRSUPPLY AND AERO ENGINEERING, OFFICES IN MAJOR CITIES 


CORPORATION 
AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 


Systems, Packages and Components for: AIRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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More than 500 members and guests of the San Francisco Section heard H. Julian Allen, 


Chief, High Speed Research Division, Ames Aeronautical Laboratory, speak on ‘“‘Hyper- 
sonic Flight and the Re-Entry Problem,”’ the |AS Wright Brothers Lecture, given last December. 


Left to right at the gu 
Vice-President, Shell Oil, 


est table are: Smith J. DeFrance, Ames Director; James H. Doolittle, 
and Chairman, NACA; Mr. Allen; Section Chairman Robert 


Melver, United Air Lines; Russell G. Robinson, Ames Assistant Director; Section Secre- 
tary Daniel Bershader, Lockheed Missile Systems and Stanford University; and Section Vice- 


Chairman Robert M. Grane of Ames. 


Chicage Section 
Seaplanes in Air Logistics 


‘‘The Case for Water-Based Air Logis 
tics’’ was presented by Guy Mallery, The 
Martin Company, before 75 members and 
guests on December 11. Mr. Mallery is 
Advanced Design Department Project 
Engineer. 

He said a modern large seaplane can be 
built to carry at jet speeds three light tanks 
or an entire infantry company fully 
equipped with vehicles and 3 days’ sup 
plies. They are not subject to the 
hazards of combat-zone land runways and 
have the advantage of greater dispersibil- 
ity. 

Mr. Mallery illustrated his talk with 
color films of the P6M SeaMaster and 
slides depicting the SeaMistress, an eight- 
engine jet seaplane weighing from 200 to 
300 tons. 

Dick ScuraM, Vice-Chairman 


Kansas City Section 
McDonnell Aircraft Reviewed 


Some 35 members and guests heard ‘‘An 
Engineering History of McDonnell Air 
craft Products” related by Mike Weeks at 
the January 28 meeting. Mr. Weeks is 
Chief, Preliminary Design, at McDonnell 

His talk, illustrated with slides, in 
cluded comments on performance and de 
sign objectives and actual accomplish 
ments. 

During the business portion of the 
meeting, members discussed a scholarship 
committee which would initiate a scholar 
ship award supported by local industry 
and sponsored by the Section. 


J. R. MacPuerson, Secretary 


Los Angeles Section 


Crossfield, Flickinger 
Advocate Man in Missile 


“Jet Noise’? with associated theories 
and experimentation was discussed by 
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Alan Powell at the January 28 specialist 
meeting. Dr. Powell reviewed the use of 
small-scale tests and the analysis tech- 
niques on the coupling between shock 
waves and acoustic pressure waves. 

> More than 500 members and guests 
heard Brig. Gen. Donald D. Flickinger 
and Scott Crossfield speak on ‘Put the 
Man Back into the Missile’ at the 
January 23 meeting. 

General Flickinger said critical analysis 
had revealed a clear advantage in net mis- 
sion effectivity for the manned space 
traversing vehicle. He said an improve- 
ment in system reliability, efficiency, and 
economy of from 60 to 70 per cent can be 
realized at a weight cost of only 5 to 10 
per cent for the human crew. 

Mr. Crossfield discussed the role of 
human factors in their relationship to cis- 
lunar flight in which humans are placed 
into vehicles in flight in the area between 
in earth orbit and moon orbit. 

General Flickinger is Director, Human 
Factors, and Command Surgeon, ARDC. 
Mr. Crossfield is a key engineer in the 
North American Aviation X-15 research 
program. 

Field trips during January included 
visits to Kaiser Steel on January 10 and 
Continental Can on January 16 and 17. 


> On January 7 some 170 wind-tunnel 
specialists heard Raymond L. Chuan dis- 
cuss ‘‘Modern Wind-Tunnel Techniques.” 
Dr. Chuan covered the use of rarefied gas 
in high Mach Number tunnels and use of 
solidified nitrogen and magnetically con- 
trolled plasma heating. 


> H. Julian Allen, Chief, High Speed Re- 
search Division, Ames Aeronautical Lab- 
ratory, discussed ‘‘Hypersonic Flight 
nd the Re-Entry Problem’”’ on December 
2 This was a repeat of the December 17 
IAS Wright Brothers Lecture. 

Some 200 members and their families 
visited Kaiser Steel’s Fontana plant on 
December 13. Blast furnaces, open hearth 
furnaces, rolling mills, and tinning mills 
were seen. 


H. D. Moran, Secretary 


Philadelphia Section 
Missiles vs. Aircraft 


Some 200 members and guests of this 
Section and its SAE and ARS counter- 
parts heard Rear Adm. John T. Hayward 
discuss ‘‘Manned Aircraft vs. Guided 
Missiles’”” on January 8. Admiral Hay- 
ward is Assistant Chief, Naval Research 
and Development. 

His discussion anticipated the strategic 
and tactical role of guided missiles in 
naval warfare. The overall weapon re- 
quirements for the missile era will include 
many manned aircraft now in production 
and under development. The potential of 
missile-carrying submarines also was dis- 
cussed, and slides were shown. 


W. WELsH Gopon, Secretary 


San Antonio Section 
New Officers Installed 


A constitution for the Section, developed 
by the Chairman and Treasurer, was ap- 
proved by members after minor amend- 
ments at the January 17 business meeting. 

Members also approved a plan to pre- 
sent prizes in the name of the IAS at two 
science fairs scheduled in San Antonio, 
This will be handled by the Student Ac- 
tivities Committee. 

The Chairman presented an outline 
program for 1958 activities that calls for 
one meeting each month. Earlier, mem- 
bers approved appointments to the Sec- 
tion’s Advisory Board. 
> New officers for 1958 installed at the 
December 17 meeting were Col. Leigh H. 
Hunt, USAF, Chairman; Cecil W. Barnes, 
Vice-Chairman; Major Robert A. Schnei- 
der, USAF, Treasurer; and Robert R. 
Perry, Secretary 

Major Gen. Charles J. Bondley, Jr., 
Director of Supply, HQ USAF, spoke ex- 
temporaneously on a single service and its 
advantages in present-day defense plan- 
ning. General Bondley substituted for 
Lt. Gen. C. S. Irvine, the scheduled 
speaker who was unable to appear. 

ROBERT R. PERRY, Secretary 


St. Louis Section 


Vanguard Reviewed 


Donald J. Markarian discussed ‘‘Project 
Vanguard” before more than 1,000 mem- 
bers and guests of the Section, its ATEE 
counterpart, and sections of several other 
societies on January 15. Mr. Markarian 
is Vanguard Project Engineer, The Martin 
Company. 

He reviewed plans for the earth satellite 
program and showed slides of dynamic 
mock-ups used in performing the physical 
tests on the launch vehicle prior to actual 
firing. 


H. H. Luetjen, Recording Secretary 


Tullahoma Section 
Nuclear Aircraft Tests 


Robert A. Thompson discussed 
“Nuclear Aircraft’? at the December 
meeting. His talk centered on the role of 

(Continued on page 114) 
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Aeronautical Reviews 


Al Guide te the Current Literature of 


‘THis SEcTION reviews important period- PERIODICALS AND REPORTS...... ............ 72 
icals, technical and research reports, and 
books received in the IAS Library in order INTERNATIONAL AERONAUTICAL ABSTRACTS. 77 
to provide basic documentation for engi- 


INTERNATIONAL AERONAUTICAL AB- 
sTRacts, published as an insert in each 
issue, is an accelerated reviewing service 
covering worldwide scientific and technical 
literature. This work is performed hy 
the IAS Staff and is supported by the Air Subject Index to Periodicals & Reports 
Force Office of Scientific Research of the 
Air Research and Development Command 


A list of the periodicals and reports Acoustics, Sound, & Noise 72 Maintenance 102 


é ts Aerodynamics 72 Materials 102 
series received in the TAS Library is pub- 79 409 
lished semiannually, in the January and Boundary Layer 792 Metals & Alloys 109 
July issues. Control Surfaces 72 Metals & Alloys, Nonferrous 102 

Fluid Mechanics & Aerodynamic Nonmetallic Materials. . 109 

The AERONAUTICAL ENGINEERING IN- Theory. . 72 Testing 109 
DEX, published since 1947, provides an Mathematics 102 
annual cumulation of the materials re- tevility & Sontro Mechanics 106 

‘ Wings & Airfoils 74 Meteoroloay 106 
Aeroelasticity 74 Military Aviation & Armament 106 
Aeronautics, General 94 Missil im 106 

Air Transportation 94 
Airplane Design 94 Navigation 106 
Airports. ... 94 Electronic Aids 108 
THE IAS LIBRARY Aviation Medicine 94 Traffic Control 108 

Publications reviewed in this sec- Computers. ee 94 ation 

the Li Education & Training 94 Power Plants 

tion are maintained by the ibrary Flectronics 96 Atomic 108 

for use by the IAS Membership. Amplifiers. . 96 Jet & Turbine 108 

They are not for sale but are made Antennas. . . 96 Ram-Jet & Pulse-Jet. 110 

available through the facilities of Communications 98 Rocket . e 

the Lit Dielectrics. 98 Production 110 

Magnetic Devices 98 Metalworking 110 
LENDING Services: Institute Measurement & Testing 98 Production Engineering. 110 
members, both Individual and Noise & Interference. 98 Tooling. . ; 110 
Corporate, may bo iodicals Radar. . . 98 Welding. 110 
Semiconductors 98 Rotating Wing Aircraft 110 
reports, and books for a period of Equipment 98 Safety... 110 
2 weeks, excluding time in transit. Electric. 98 S Peal 110 
pace Trave 

Iexcepted are certain reference books Hydraulic & Pneumatic 98 S 111 

gis Flight Operating Problems 98 tructures 

und those IAS publications that c Bars & Rods 111 

uels & Lubricants. . 98 ; 49 

may be purchased. Ice Formation & Prevention 98 

Puotocopy Services: The Li- Instruments. . . 98 peg iain 119 
y equppe provide, a: 98 Sandwich Structures 

a service, positive photocopies of Flight Instruments. . 100 Testing 112 

certain materials in its collections. ae Measuring Devices. 100 OR nr Stress 112 

Rates on request. yroscopes. 100 ermodynamics 

Temperature Measuring Devices... 100 Combustion 112 
For detailed information about Lighter-Than-Air 100 Heat Transfer 112 
these and other services, write to: Machine Elements : VTOL & STOL 112 
Fastenings. 100 Water-Borne Aircraft 114 
John J. Glennon, Librarian Seals... 100 Wind Tunnels & Research Facilities... 114 
Institute of the 
Aeronautical Sciences, Inc. 
2 East 64th Street 

New York 21. New York 
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INTER-OFFICE MEMORANDUM 


To___Advertising Department Subject __Recruitment Advertising for Engineers 


From__Vice President - Engineering 


As the result of expanding activity in recent months, we have come up 


with a few openings for good engineers. Specifically, we need designers 
in the following product groups: 


Pneumatic accessories 

Electric motors 

Fuel systems controls (pumps and valves) 

Hytrol anti-skid braking system (electro-mechanical) 


The requirements are not pressing: our present team can still carry the 
increased load. We're proud of the boys we now have, and it's important 


that we find exactly the right people to add to the group. Therefore, before 


you rush into print with the usual sort of "recruitment" advertising, here 
are some thoughts to use in formulating your message: 


1. We don't hire engineers by the carload, and we don't stockpile them 
in reserve until the right project happens to come along. Our people 
are busy...very busy; and they like to be busy. They follow through 
on their ideas from inception to development and qualification. They 
feel a real responsibility for the hardware that finally results from 


their work. Therefore, we need more idea men with initiative and drive 


who are not afraid to get their hands dirty. 


2. Don't write a lot of guff about "security" and "bright future." The 
kind of men we want carry their security around with them. They have 


the self-assurance that comes from ability and experience. Chances are 
they've known about our company for several years and have followed our 


progress in the industry. If they answer our ads, it means they like 
us - and they think they can help us to grow. 


3. The kind of man we want will join us because we treat our engineers in 
the same way we treat our other key people. We don't isolate them and 


we don't put them on pedestals. We expect results; we know how to look 


for results; and we reward amply when we find them. 


One other point: the man who meets our requirements is probably too busy 
to write a long resume and application letter. Just tell him to call me 
personally, or to drop me a short note to let me know where I can contact 
him - to Hydro-Aire, Inc., 3000 Winona Avenue, Burbank, California. 
Phone: Victoria 9-1331. 


Frank Cooper 
Vice President - 
Engineering & Sales 
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Acoustics, Sound, & Noise 


Sonic Bangs. G. H. Lee. Handley-Page B 
Winter, 1957, pp. 14-17. Explanation, in sim, 
terms, of the fundamental principles involved 
and of the origin of sonic bangs. Includes com 
pressibility effects, shock-wave shape, audible 
bangs, double bangs, and explosive effects 

Quick-Fix Recommendations for Reduction of 
Jet Engine Noise in Air Force Control Towers 
R. J. Christman and L. R. Pinneo USAI 
RADC TR 57-189 [AD 131374), Dec., 1957. 14 
pp. Presentation of several techniques for use by 
local AACS units 


Aerodynamics 


Barriera Sonica e Barriera Termica. Cari 
Ferrari. Torino Polytech. Inst., Aero. Lat 
Monograph 404, 1956. 22 pp. In Italian. De 
termination of the sonic and thermal barriers and 
discussion of related problems. 

On the Generalized Prandtl Relation. Rud 
S. Ong. J. Aero. Sci., Mar., 1958, pp. 209, 210 
Analysis of a four-dimensional Euclidean space 
time manifold. 


Aerothermodynamics 


Influence de 1|’Echauffement Cinétique sur la 
Réponse Vibratoire du Mode de Torsion d’une 
Voilure. E. Bonneau. La Recher he Aéro 
tique, Nov.-Dec., 1957, pp. 27-34. In Pommalh 
Simplified quantitative study of the effect ol 
kinetic heating on the vibratory response of the 
torsional mode of an airfoil. 

La Cinética de la Transferencia del Calor por 
Conveccién y por Rozamiento sobre Superficies 
Especulares. Eugen Sanger. Asoc. Argent 
Interplan. Rev., July-Dec., 1957, pp. 31-41 
In Spanish. Study of the kinetics of heat trans 
fer by convection and boundary-layer friction in 
bodies at hypersonic velocities. 

A Note on the Expressions for the Local Heat- 
Transfer Coefficient. Richard R. Gold. J. A¢ 
Sci., Mar., 1958, pp. 208, 209. Calculations { rT 
the case of an isothermal flat plate at zero angle of 
attack. 


Some Effects of Bluntness on Boundary-Laye: 
Transition and Heat Transfer at Supersonic 
Speeds. Appendix A, B—Dissipation of the Low 

ach Number Layer. Appendix C—Mach 
Number Profiles Produced by Detached Shock 
Waves. W. E. Moeckel. l.S., NACA Re 
1312, 1957. 14 pp. 19 refs. Supt. of Doc 
Wash., $0.20. Discussion of the stability and 
dissipation of blunt profiles, and description of a 
method for estimating the amount of bluntin: 
required to produce the maximum possible 
downstream movement of transition. 

Ob Usloviiakh Primenimosti Zakonov N’iutona 
i Fur’e k Raschetu Soprotivieniia Treniia i Teplo- 
obmena na Poverkhnosti Obtekaemykh Potokom 
Tel. E. A. Sidorov. Teploenergetika, Dec 
1957, p. 73. In Russian. Analysis of the ap 
plicability of Newton and Fourier laws to th« 
calculation of drag due to friction and heat-trans 
fer over the surface of bodies in a gas flow. 


On Turbulent Heat Transfer Through a Highly 
Cooled Partially Dissociated Boundary Layer. 
Ronald F. Probstein, Mac C. Adams, and Peter 
H. Rose. Jet Propulsion, Jan., 1958, pp. 56-58 
USAF-sponsored presentation of some analytical 
results regarding the properties of a compressible 
turbulent boundary layer in thermodynamic 
equilibrium. 

Heat Transfer to a General Three-Dimensional 
Stagnation Point. Eli Reshotko. Jet Propul 
ston, Jan., 1958, pp. 58-60. Presentation of 
equations for the compressible laminar boundary 
layer at the stagnation point of a body having 
unequal principal curvatures, including a sinmipk 
heat-transfer representation for the case of a very 
cold wall, and estimates of the heat transfer at 
other temperatures. 


Flows in Partly Dissociated Gases. Hans 

~~ Metzdorf. J. Aero. Sci., Mar., 1958, 

200-201. Solution of equations for the case 

oF an isolated plate with special boundary condi 

tions, once with and then without the considera 

tion of the influence of diffusion on the heat con 
ductivity. 


Boundary Layer 


Turbulentnyi Pogranichnyi Sloi na Vrashcha- 
iushchemsia Diske. L. . Dorfman. AN 
SSSR Otd. Tekh. Nauk Isv., July, 1957, pp. 138 
142. In Russian. Investigation of the tur 
bulent boundary layer on a rotating disk based on 
the velocity profile. 

Influence de l’Onde de Choc au Bord d’Attaque 

sur le Comportement de la Couche Limite Lami- 
naire aux Grandes Vitesses. Max Plan. Fusées 
Dec., 1956, pp. 269-278. In French Experi 
mental investigation of the effect of leading-edge 
shock waves on the behavior of laminar bound 
at high speeds. 
ra Determin&rii Caracteristicilor Stratului 
Lint prin Utilizarea unor Profile Tip de Viteze si 
Temperaturi. St. S&vulescu» Stud. Cerc. Mei 
Aplic., No. 2, 1957, pp. 341-356. 17 refs. In 
Rumanian, with summaries in Russian and 
French. Development of a method for deter 
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mining boundary-layer characteristics by means 
of standard velocity and temperature profiles 


Control Surfaces 


Flight Investigation of the Effectiveness of an 
Automatic Aileron Trim Control Device for Per- 
sonal Airplanes. William H. Phillips, Helmut 
A. Kuehnel, and James B. Whitten. U.S., 
VACA 4 1304, 1957. 15 pp. Supt. of Doc., 
Wash., $0.2 

Profil cu a Fluid in Prezenta unor Singu- 
larit&ti Date. N. N. Patraulea. Stud. Cerc. 
Mec. Aplic., No. 2, 1957, pp. 313-317. In Ruma- 
nian, with summaries in Russian and French 
Generalization of the problem of a profile equipped 
with a jet flap, corresponding to the case of a 
known velocity field specified by certain known 
singularities. 

Cercetari Asupra Profilelor 
Aerodinamice Suflate. N Patraulea, L. 
Dumitrescu, C. Popescu, D. Caprita, and H. Gab. 
Stud. Cerc. Mec. Aplic., No. 2, 1957, pp. 319-340. 
14 refs. In Rumanian, with summaries in Rus- 
sian and French Results of experimental in- 
vestigations on blown aerodynamic profiles to 
obtain maximum lift. Test equipment and 
methods are also described. 

Determinarea Efectului de Ejectile la Profile cu 
Volet Fluid (Jet-Flap). Lucian Dumitrescu. 
Stud. Cerc. Mec. Aplic., No. 2, 1957, pp. 357-378. 
12 refs. In Rumanian, with summaries in Rus- 
sian and French. Determination of the effect of 
ejection for two profiles equipped with jet flaps. 


Fluid Mechanics & Aerodynamic Theory 


Asimptoticheskoe Reshenie Uravnenii Odno- 
mernogo Neustanovivshegosia Dvizheniia 
Ideal’nogo Gaza s Tsilindricheskoi Simmetriei. 
G. M. Shefter. AN SSSR Doki., Oct. 1, 1957, 
pp. 572-575. In Russian Derivation of an 
asymptotic solution of equations for one-dimen- 
sional unsteady motion of an ideal gas with a 
cylindrical symmetry. 

Asimptoticheskoe Reshenie s Tremia Proiz- 
vol’nymi Funktsiiami Uravnenii Odnomernogo 
Neustanovivshegosia Dvizheniia Gaza. Iu. L. 
Iakimov. AN SSSR Dokl., Oct. 21, 1957, pp. 
937, 938. In Russian. Derivation of an asymp- 
totic solution for the equations of one-dimensional 
unsteady gas motion, involving three arbitrary 
functions, and description of the method of solu 
tion. 

A Test of the Uniqueness of Solutions for 
Problems of Nonsteady Flow Under Given 
Boundary Conditions. J. Altenhoff. J. Aero. 
Sci., Mar., 1958, pp. 210-212. 

Opredelenie Osesimmetrichnogo Potentsial’- 
nogo Dvizheniia Neszhimaemoi Zhidkosti po 
Zadannym Znacheniiam Napravieniia ee Skorosti. 
G. N. Pykhteev. Jasi Poltteh. Inst. Bul., Fasc. 
3-4, 1956, pp. 35-38. In Russian, with summar 
ies in English and Rumanian. Determination of 
the axially symmetric potential motion of an in- 
compressible fluid from given values of the direc 
tion of its velocity. 

Ob Odnom Klasse Plosko-Parallel’nykh Usta- 
novivshikhsia Vikhrevykh Dvizhenii Gaza. Iu. 
S. Zav’ialov. AN SSSR Dokl., Sept. 21, 1957, 
pp. 363, 364. In Russian Study of a certain 
class of plane, steady, rotational gas flows. 

Universelle Wandabstandsfunktionen bei 
Gleichgewichtsturbulenz. H. B. Helmbold. 
Forschung Gebiete Ing., Ausg. A, No. 6, 1957, 
pp. 210-213. 11 refs. In German. Survey of 
previously obtained experimental results lead 
ing to the establishment of certain conditions for 
turbulent flows in pipes, channels, and diffusers, 
as well as around plates, thus covering the equilib- 
rium turbulence in flows with or without pres 
sure gradient in flow direction 

Techenie Viazkogo Gaza v Zazore Mezhdu 
Dvumia Koaksial’nymi Tsilindrami. Ia. M. 
Kotliar. AN SSSR Otd. Tekh. Nauk Izv., Oct., 

1957, pp. 12-18. In Russian. Study of the 
past flow of a compressible viscous gas in the 
space between two coaxial circular cylinders. 

Incompressible Two-Dimensional Stagnation- 
Point Flow of an Electrically Conducting Viscous 
Fluid in the Presence of a Magnetic Field. 
Joseph L. Neuringer and William Mcllroy. 
IAS 26th Annual Meeting, New York, Jan. 
27-30, 1958, Preprint 764.) J. Aero. Sci., Mar., 
1958, pp. 194-198. 


O Reshenii Tipa Dipolia v Zadachakh Nesta- 
tsionarnoi Fil’tratsii Gaza pri Politropicheskom 
Rezhime. G.I. Barenblatt and Ia. B. Zel'dovich 
Prikl. Mat. i Mekh.,~Sept.-Oct., 1957, pp. 718- 
720. In Russian. Derivation of a dipole-type 
solution for problems of nonstationary filtra- 
tion of a gas in the case of polytropic regime. 


O ‘‘Vtoroi’? Forme Dvizheniia Ideal’noi 
Zhidkosti Okolo Obtekaemogo Tela (Issledovanie 
Otryvnykh Vikhrevykh Potokov). A. A. Nikol’skii. 
AN SSSR Dokl., Sept. 11, 1957, pp. 193-196. 
In Russian Investigation of the ‘‘second’’ 
form of motion of an ideal fluid past a solid 
formation of discontinuous vortical flows. 


K Voprosu o Mekhanizme Kavitatsii vy Tsentro- 
bezhnykh Nasosakh. V. F. Chebaevskii. Tedlo- 
energetika, Sept., 1957, pp. 12-16. In Russian. 
Presentation of results of a study of the cavita 
tion mechanism in centrifugal pumps 


O Tochnom i Priblizhennom Resheniiakh 
Odnoi Ploskoi Zadachi Fil’tratsii pri Smeshan- 
nykh Granichnykh Usloviiakh. V. N. Niko- 
laevskii. AN SSSR Otd. Tekh. Nauk I2v., Oct., 
1957, pp. 102-105. In Russian. Derivation of 
exact and approximate solutions for a plane fil- 
tration problem in the case of mixed boundary 
conditions 


O Krizise Laminarnogo Techeniia Viazkoj 
Zhidkosti pri Estestvennoi Konvektsii. L. & 
Eigenson. Teploenergetika, Dec., 1957, pp. 66-69, 
In Russian. Application of theoretical solutions 
obtained for four problems of laminar flow due to 
natural convection together with experimental 
data to determine critical values of Re for the 
natural convection 

Uberschallstrémungen von hoher Machzahl bei 
kleinen Strémungsgeschwindigkeiten. Carl 
Pfleiderer VDI Zeitschrift, Oct. 21, 1957, pp. 
1,535, 1,536. In German. Analysis of the opera. 
tion of mixed-flow units such as water-jet pumps 
and pulsating pump units. By using suitable 
diffusers and induction nozzles high-speed flows 
can be produced with a low-velocity driving 
medium 

Vliianie Izlucheniia na Rasprostranenie Malykh 
Vozmushchenii v Viazkoi i Teploprovodnoi Zhid- 
kosti (Gidrodinamicheskaia Teoriia). Vv. & 
Prokof’ev. AN SSSR Otd. Tekh. Nauk Izv., July, 
1957, pp. 94-102. In Russian. Study of the 
influence of radiation on the propagation of small 
perturbations in a viscous heat-conducting liquid, 

Calculation of Laminar Flow of Drop-Forming 
Liquids Through Tubes, with Inclusion of Non- 
isothermal Effects. E. A. Sidorov. Sov. Phys.- 
Tech. Phys., Feb., 1957, pp. 292-296. Transla- 
tion. 

On the Electric Tank Method for Study of 
Centrifugal Machines. Sydgo Matsunaga. J, 
Aero. Sct., Mar., 1958, pp. 202, 203. Develop. 
ment of an approximate method to study non- 
axisymmetric flows by an electric-tank method. 

O Silovom Vozdeistvii ‘‘Vtoroi’’ Formy Gidro- 
dinamicheskogo Dvizheniia na Ploskie Tela 
(Dinamika Ploskikh Otryvnykh Potokov). A. A. 
Nikol’skii AN SSSR _ Dokl., Sept. 21, 1957, 
pp. 365-368. In Russian. Investigation of the 
effect of force due to the ‘‘second’’ form of hydro- 
dynamic motion on flat bodies—the dynamics of 
plane discontinuous flows. 


O Telakh Naimen’shego Soprotivieniia pri © 
Bol’shikh Sverkhzvukovykh Skorostiakh. ta 
Gonor and G. G. Chernyi. AN SSSR Otd. 
Tekh. Nauk I2v., July, 1957, pp. 89-93. In Rus- 
sian. Study of bodies of least drag at high super- 
sonic velocities 

Approximate Solution for Slightly Yawed n- 
Power Bodies at Hypersonic Speeds. Robert W. 
Truitt. J. Aero. Sct., Mar., 1958, pp. 206, 207. 

A Special Case of Swirling Viscous Flow. Den- 
nis G. Mabey. J. Aero. Sci., Mar., 1958, pp. 
212-214. Presentation of an exact solution for } 
the equations of incompressible viscous flow for 
axisymmetric motion with swirl. 

Explosive Induced Shock Waves. I—Plane 
Shock Waves. William E. Drummond. J. 
Appl. Phys., Dec., 1957, pp. 1,437-1,441. 11 refs. 
Army-sponsored analysis of the explosive pro- 
duction of plane shock waves in solids, using 
the approximation that third and higher order 
shock strength terms can be neglected, and 
development of a procedure for shock-attenua- 
tion calculations. Application is made to the | 
determination of the equation of state of burned 
explosive gases. 


O Tochnykh Resheniiakh Linearizirovannoi 
Zadachi o Tochechnom Vzryve s Protivodavie- 
niem. V.P. Korobeinikov and N. S. Mel’nikova. 
AN SSSR Dokl., Sept. 11, 1957, pp. 189-192. 
In Russian. Derivation of exact solutions of the 
linearized problem of point explosion with coun- 
terpressure. 


On Slender-Body Theory at Transonic Speeds. 
Keith C. Harder and E. B. Klunker. 
NACA Rep. 1315,1957. 6 pp. 17 refs. Supt. of 
Doc., Wash., $0.10. Application of the basic 
ideas of slender-body approximation to the non- 
linear transonic-flow equation for the velocity 
potential, in order to obtain some of the essential 
features of slender-body theory at transonic 
speeds. 


Turbulent Flow in a Stably Stratified Atmos- 
phere. A. A. Townsend. J. Fluid Mech 
Jan., 1958, pp. 361-372. Analysis of fluctuations 
of velocity and temperature which occur in 4 
turbulent flow in a stably-stratified atmosphere 
far from restraining boundaries, in terms of equa 
tions for the turbulent intensity and for the mean 
square temperature fluctuation. 


Internal Flow 


Asupra Migsc&rii Nepermanente a unui Fluid 
fntr-o Retea de Profile. I. L. Popescu. Bul 
Stiint. Sect. Stiint. Mat. Fiz., Jan.-Mar., 1957 
pp. 121-137. In Rumanian, with summaries in 
Russian and French. Generalization of Sedov’s 
theory for thin wings in nonstationary flow and 
application to the study of nonstationary motion 
of a perfect incompressible fluid flowing through 4 
cascade of airfoils 


Die Konstruktion von Schaufelsternen mit 
riickwarts gekriimmter Beechaufelung. J. Gru- 
ber. Periodica Polytech., No. 1, 1957, pp. 43-49 


One of the tremendous coolers (right) required 
in the Supersonic circuit—55’ in diameter. 


Transonic return duct No. 2 (below), with com- 
pressor and motor area under craneway in back- 
ground. 


Steel Platework by Pittsburgh-Des 


msonic 


The two largest wind tunnels of their speed in the country are shown built and 
ames under construction by PDM in the picture above. The Transonic Tunnel, now in 


tions 


ions operation, and the Mach 5 Supersonic Tunnel going up beside it each have 


= interchangeable test sections 16’ x 16’ x 40’ long—a measure of the great 


size of this massive project. The size and complexity of the work are 

in turn a measure of Pittsburgh-Des Moines’ ability to meet dependably your 
most exacting platework requirements. Write us for engineering consultations 
and preliminary estimates on your forthcoming projects. 


Pittsburgh-Des Moines Steel Company 


Plants at PITTSBURGH, DES MOINES, SANTA CLARA, FRESNO, and CADIZ, SPAIN 


Sales Offices af: 
PITTSBURGH (25) . ..3472 Neville Island DES MOINES (8) 973 Tuttle Street 
NEWARK (2). .....1752 Military Park Bldg. DALLAS (1)... 1277 Praetorian Bldg. 
CHICAGO (3) 676 First National Bank Bldg. SEATTLE (1)..... Suite 380, 500 Wall St. 
EL MONTE, CAL. P. O. Box 2012 SANTA CLARA, CAL. .......679 Alviso Road 
ATLANTA (5).......361 E. Paces Ferry Rd., N.E. DENVER (2) 323 Railway Exchange Bldg. 


= 
ct ig 
of 

fil \ 

ary = “a¥ \ 

uly 

the 
mall 
uid 
ning 
on- 

peeds. | 

US, Be 
| 
a 

mean 

Fluid 

Bul 
1957 
s in 

[: 

and | 

STEEL PLATE WORK 

gh a 
mit 

3ru- 
49 


MARS outstanding design SERIES 


brings ‘em back alive 


Today’s burning problem in space flight is how 
to ease a rocket safely back to earth, without being 
consumed by the metal-melting friction of our dense 
atmosphere. Design Engineer Carl J. Rauschenberger’s 
ingenious suggestion is a pair of wings, locked for- 
ward at blast-off, later folded back into flying position 
(insert) by hydraulic cylinder controls for a slow, safe 
descent. Mr. Rauschenberger also envisions a retract- 
able glass nose cone, heatproof to withstand the take- 
off, drawn back to admit air to a jet engine on the 
return flight. 

This outstanding solution to a timely design 
problem may already exist in working drawings on 
somebody’s drafting board, or even in mock-up form, 
But whether a project is developed today, tomorrow 
or the vear after next, it will always be important to 
shape ideas into realities with the best of drafting tools, 

In pencils, of course, that means Mars, long the 
standard of professionals. Some outstanding new prod- 
ucts have recently been added to the famous line of 
Mars-Technico push-button holders and leads, Lumo- 
graph pencils, and Tradition-Aquarell painting pencils. 
These include the Mars Pocket-Technico for field use; 
the efficient Mars lead sharpener and “Draftsman” 
pencil paver with the adjustable point-length fea- 

* ture; Mars Lumochrom, the color-drafting pencils and 
leads that make color-coding possible; the new Mars 
Non-Print pencils and leads that “drop out’ your 
notes and sketches when drawings are reproduced. 


> 
Z 


The 2886 Mars-Lumograph drawing per é 
grees, EXEXB to 9H. The 1001 Mars-Technico 
push-button lead hoider. 1904 Mars-Lumograph 
imported leads, 18 degrees, EXB to 9H. Mars- 
Lumochrom color-drafting pencil, 24 co 


oH 2886 


2H 
2H 


JS.) S|TAEDTLER, INC. 


HACKENSACK, NEW JERSEY 


at all good engineering and drawing material suppliers 
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In German. Investigation of the possibility of 
designing an open-type rotor with blades curved 
backwards in the case of known circulation dis 
tribution Includes development of a succes 
sive approximation method based on the singu 
larity method 


Experiments on Chemical Kinetics in a Super- 
sonic Nozzle. Peter P. Wegener, Jack E. Marte, 
and Carl Thiel J.A Sct., Mar., 1958, pp 
205, 206. Development of a method for measur 
ing fast, homogeneous gas reactions in a steady 
state supersonic nozzle, and observations show 
ing where a reaction is lagging with respect to 
chemical equilibrium throughout a steady-state 
flow field 


Stability & Control 


A Note on the Equations of Motion for a Rigid 
Aircraft with Varying Mass. Kyuichiro Washizu 
(Japan Soc. Aero. Eng. J., Aug., 1957, pp. 215 
218.) Translation Paper 892. 10 pp 

A Flight Investigation of the Effects of Varied 
Lateral Damping on the Effectiveness of a Fighter 
Airplane as a Gun Platform. Helmut A. Kueh 
nel, Arnold R. Beckhardt, and Robert A. Cham 
pine. U.S., NACA TN 4199, Jan., 1958. 30 pp 
Tests on an aircraft equipped with a device for 
varying the lateral damping and a gunsight em 
ploying a fixed reticle and a gyro computing 
reticle A brief investigation is included on a 
fixed telescope sight, under normal, increased, and 
decreased damping 


Wings & Airfoils 


An Investigation of Four Wings of Square Plan 
Form at a Mach Number of 6.9 in the Langley 
ll-inch Hypersonic Tunnel. Charles H. Me 
Lellan, Mitchel H. Bertram, and John A. Moore 
U.S., NACA Rep. 1310, 1957. 18 pp. Supt. of 
Doc., Wash., $0.25 

Establishment of Lift on an Aerofoil with a Jet 
Flap. II—Wing of Finite Span with Trailing 
Edge Jet. Appendix I—Calculation of Jet Slope 
and of the Corresponding Radius of Curvature 
at the Trailing Edge. Appendix II—-Component 
of Relative Velocity on the Section. Appendix 
I1I—Derivation of m: (é) Appendix IV 
Corrections to the Aspect Ratio When the Wing is 
Interrupted by a Fuselage. Appendix V—Rela- 
tion Governing Shedding of Elementary Vortices. 
R. Hirsch. Aircraft Eng., Jan., 1958, pp. 11-19 

Experimental Investigation of the Pressure 
Distribution at the Centre-Section of a Sweptback 
Wing at High Subsonic Speeds. T. E. B. Bate 
man and A. J. Lawrence. (Gt. Brit., RAE Rep 
Aero. 2556, Aug., 1955.) Gt. Brit., ARC CP 
367, 1957. 35 pp. BIS, New York, $0.90 

Quelques Résultats sur les Ailes Delta Portan- 
tes 4 Trainée Minimum en Régime Supersoniaue. 
P. Germain and R. Gibault. La Recherche Aéro 
naulique, Nov.-Dec., 1957, pp. 54-56. In French 
Presentation of results for minimum-drag delta 
wings in supersonic flow 

Three-Dimensiona] Transonic Flow Theory 
Applied to Slender Wings and Bodies. Max. A 
Heaslet and John R. Spreiter. U.S., NACA 
Rep. 1318, 1957 29 pp 32 refs Supt. of 
Doc., Wash., $0.35 Re-examination of the 
derivation of integral equations giving special 
attention to conditions resulting from shock 
waves and to the reduction of relations to special 
forms necessary for the discussion of sonic flow 

Lift and Rolling Moment on a Slender Wing- 
Body Combination with a Defiected Tip Control. 
John F. Clarke. J. Aero. Sci., Mar., 1958, pp 
203-205. Calculations based on the slender-body 
approximation 


Aeroelasticity 


On Two-Dimensional Panel Flutter. Y. C. 
Fung. (JAS Nail. Summer Meeting, Los Angeles, 
June 17-20, 1957, Preprint 749.) J. Aero. Sci 
Mar., 1958, pp. 145-160. 34 refs. OSR-sup 
ported investigation 

On Panel Flutter and Divergence of Infinitely 
Long Unstiffened and Ring-Stiffened Thin- Walled 
Circular Cylinders. Appendix A——Steady Linear- 
ized Flow Past a Stationary Deformed Cylinder. 
Appendix B—Air Forces on a Cylinder in Diver- 
ent Oscillation. Appendix C—Equilibrium of 

nstiffened Cylinder-Fliigge’s Equation. Appen 
dix D—Importance of Damping in Unstiffened 
Cylinder. Robert W. Leonard and John M 
Hedgepeth U.S VACA Rep. 1302, 1957 
19 pp. 16 refs. Supt. of Doc., Wash., $0.25 

Influence de |l’Amortissement Interne sur la 
Vitesse Critique de Flottement. P. Salaiin 
La Recherche Aéronautique, Nov.-Dec., 1957, pp 
19-25. In French. Investigation of the effect of 
internal damping on the critical flutter speed 
Includes application to the aeroelastic system 
treated as a special case, and presentation of two 
examples emphasizing the unfavorable effect of 
internal damping, 

Ob Ustoichivosti Periodicheskikh Dvizhenii v 
Odnom Spetsial’nom Sluchae. V. M. Starzhin 
skii. Prikl. Mat. i Mekh., Sept.-Oct., 1957, pp 
720-722. In Russian. Extension of Liapunov’s 
method for estimating the characteristic constant 
to the more general problem of two linear first 
order equations with periodic lumped-constant 


(Continued on page 94) 
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INTERNAT I | | 
AERONAUTICAL ABSTRACTS | 
A Review of Worldwide Scientific and Technical Literature 


States Air Force. 


Selected and prepared by the IAS Staff from currently released material received in 
the IAS Library. This research was supported in whole or in part by the Air Force 
Office of Scientific Research, Air Research and Development Command, United 


ONAL 


The literature abstracted in this section is available through the lending or photo- 
copying services of the IAS Library, New York. 


PUBLISHED MONTHLY BY THE AERONAUTICAL ENGINEERING REVIEW 


Official Publication of the Institute of the Aeronautical Sciences, 2 East 64th Street, New York 21, N.Y. 


Volume 3, Number 4 


AERODYNAMICS 


Aerothermodynamics 


TEMPERATURE DISTRIBUTION STUDIES IN 
THE TURBULENT BOUNDARY LAYER FOR 
COMPRESSIBLE FLOW WITHOUT HEAT TRANS. 
FER. E. H. Alford. Texas U. DRL Rep. 421 
(AFOSR TN 58-4) [AD 148043], Jan., 1958. 49 pp. 
Extension of Van Driest's boundary layer theory 
and modification of its equation in an attempt to 
account for the Prandtl Number not being unity. 
The modified theory is applied to existing data at 
Mach Numbers of 2.00, 2.50, and 5.00. Astudyis 
made on the effect of temperature recovery coef- 
ficient, Mach Number, and Reynolds Number upon 
an introduced parameter representing the modified 
theory. It is determined that the theory accounts 
for a variable Prandtl Number for turbulent flow 
and can be used to predict the temperature distri- 
bution with reasonable accuracy in a compressible 
turbulent boundary layer for the case of zero heat 
transfer. 


MEASUREMENTS OF THE EFFECT OF SUR- 
FACE COOLING ON BOUNDARY LAYER TRANSI- 
TION ON A 15° CONE. I - TESTS AT M= 2 AND 
3 IN AN 8 in. x 9 in. WIND TUNNEL AT R.A.E./ 
BEDFORD. Appendix I - THERMOCOUPLE IN- 
STALLATION AND CALIBRATION. Appendix II - 
MODEL COOLING APPARATUS. Appendix III - 
SURFACE CONDITION IN THE NEIGHBOURHOOD 
OF THERMOCOUPLE JUNCTIONS ON THE HEAT 
TRANSFER CONE. A. C. Browning, J. F. W. 
Crane, and R. J. Monaghan. Gt. Brit., RAE TN 
Aero.2527, Sept., 1957. 41 pp. ll refs. Test 
results show that when the ratio (surface tempera- 
ture ahead of transition/surface temperature for 
zero heat transfer) is deduced from 1.0 to 0. 88, 
the transition Reynolds Number at zero incidence 
is increased by a factor of about 1.8 for a local 
Mach Number 1. 86 and by a factor of 1. 24-1.43 for 
Mach Number 2.81. The spread of the latter factor 
arose from alternative estimates of transition 
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Reynold Number under zero-heat-transfer conditions, 
since at Mach Number 2.81 this Reynolds Number 
is dependent on stagnation pressure. When the 
cone is set at an incidence of 2°, transition on the 
windward generator moved aft with cooling at about 
the same rate as is found in the zero incidence 
tests at each Mach Number. 


THE AXISYMMETRIC FREE-CONVECTION 
TEMPERATURE FIELD ALONG A VERTICAL 
THIN CYLINDER. F. R. Hama and J. V. Recesso. 
U. Md. Inst. Fluid Dynamics & Appl. Math. TN 
BN-116 (AFOSR TN 58-25) [AD 148064], Jan., 1958. 
87 pp. 17 refs. Theoretical and experimental in- 
vestigation to study the effect of strong transverse 
curvature on boundary-layer problems. A theory 
is developed as an extension of the Glauert-Light- 
hill-Pohlhausen solution for any value of the x - 
parameter. Temperature profiles are measured 
at several sections along an electrically-heated 
brass cylinder, and the local heat-transfer coeffi- 
cients agree well with theory. This, in turn, jus- 
tifies the theories of laminar boundary layer along 
a thin cylinder developed by Glauert and Lighthill 
and by others. The location of laminar-turbulent 
transition is estimated from the temperature pro- 
files and by a hot-wire observation. Transition is 
found to be delayed considerably as compared with 
that in the two dimensional case. 


RECOVERY TEMPERATURES AND HEAT 
TRANSFER NEAR TWO-DIMENSIONAL ROUGH- 
NESS ELEMENTS AT MACH 3.1. P. F. Brinich. 
US, NACA TN 4213, Feb., 1958. 20 pp. Experi- 
mental investigation at a Mach Number of 3.l ona 
hollow cylinder and a cone-cylinder model showing 
the effect of single and multiple two-dimensional 
roughness elements on temperature and pressure 
distribution as well as on heat transfer. Abrupt 
perturbations in surface temperature occur in the 
neighborhood of the elements in the case of a tur- 
bulent boundary layer, but are absent for the lam- 
inar case. The type of perturbation depends on 
the element shape, forward-facing wedges giving 
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the lowest temperature immediately behind the el- 
ement and forward-facing steps the highest. For 
a turbulent boundary layer the heat-transfer rate 

behind the wedge element is less than that obtained 
immediately ahead of the element. 


HEAT TRANSFER THROUGH THE LAMINAR 
BOUNDARY LAYER ON A CIRCULAR CYLINDER 
IN AXIALINCOMPRESSIBLE FLOW. D.E. Bourne 
and D.R. Davies. Quart. J. Mech. & Appl. Math., 
Feb., 1958, pp. 52-66. Presentation of a method 
for calculating the heat-transfer rate distribution 
when the cylinder surface is at a constant temper- 
ature. <A series solution, valid for small down- 
stream distances from the nose, has been obtained 
previously by Seban, Bond,and Kelly. This is 
now extended by deriving an asymptotic series so- 
lution, valid at large downstream distances, and 
bridging the gap between these two series solu- 
tions by an approximate solution, based on the 
method used recently by Davies and Bourne to cal- 
culate heat transfer from a flat plate. The calcu- 
lation is used to demonstrate the effect of curva- 
ture and of Prandtl Number on the local rate of 
heat transfer at various downstream distances by 
comparison with the corresponding flat plate re- 
sults. 


STEADY TEMPERATURE OF A PLANE PLATE 
IN A REACTING GAS FLOW. E. P. Vaulin. Sov. 
Phys. - Dokl., Mar.-Apr., 1957, pp. 187-191. 
Translation. Presentation of exact solutions for 
the differential equations of the boundary layer of 
reacting gas mixtures with different physical prop- 
erties, in order to obtain a formula for the steady 
temperature of a plane plate which can be used at 
high speeds, or when the heat of friction is compa- 
rable with the heat evolved in the chemical reaction 
Also obtained are the concentration and tempera- 
ture profiles for heterogeneous reactions in a re- 
gion of diffusion. 


ESTIMATION OF TURBULENT HEAT TRANS- 
FER AT THE SONIC POINT OF A BLUNT-NOSED 
BODY. M. Sibulkin. Convair Sci. Res. Lab. RN 
7, Oct., 1957. 35 pp. 26 refs. Derivation of an 
equation for the convective heat transfer in terms 
of conditions at the sonic point. The heattransfer 
at the stagnation point for the case of a perfect 
gas and for the dissociated air flow occurring at 
hypersonic flight velocities is also obtained. For 
rapid estimation purposes, a "very approximate 
solution" is developed for hypersonic speeds, in- 
volving only the free-stream velocity and density 
and the radius of curvature at the sonic point. The 
results obtained from the different solutions are 
compared for a sample calculation. A method for 
determining the flow conditions in terms of an av- 
erage isentropic exponent is also presented, lead- 
ing together with an assumed Newtonian pressure 
distribution to an equation for the inviscid-flow 
velocity gradient at the sonic point. 


THE EFFECTS OF A SOUND WAVE ON THE 
COMPRESSIBLE BOUNDARY LAYER ON A FLAT 
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PLATE. C. R. Dllingworth. J. Fluid Mech., 
Feb., 1958, pp. 471-493. 10 refs. Investigation 
of the boundary layer of a hot flat plate which is 
fixed at zeroincidence in a slowstreamcarrying a 
progressive sound. Formulas are obtained for the 
skin friction and the heat transfer in the extreme 
cases where the frequency is very low and very 
high. In addition,different methods of simplifying 
the boundary-layer equations in unsteady compress- 
ible flow are briefly compared. 


Boundary Layer 


BOUNDARY LAYER GROWTH ON A SPINNING 
BODY: ACCELERATED MOTION. Y. D. Wadhwa. 
Philos. Mag., 8th Ser., Feb., 1958, pp. 152-158. 
Investigation of the boundary-layer motion when a 
body of revolution starts moving along its axis of 
symmetry and simultaneously rotates about it with 
a velocity varying as the ath power of time. It is 
found that the separation is delayed by accelera- 
tion and that the time elapsing before separation 
first takes place is lessened by increasing the spin 
velocity. 


FLOW IN THE LAMINAR BOUNDARY LAYER 
NEAR SEPARATION. B. S. Stratford. Appendix 
I - THE SOLUTION IN THE NEIGHBOURHOOD 
OF THE SINGULARITY AT x= x,, WITH FINITE 
PRESSURE GRADIENTS. G. E. Gadd. Gt. Brit., 
ARC R&M 3002, 1957. 27 pp. Z2lrefs. BIS, New 
York, $1.44. Derivation of a simple formula for 
the separation of the laminar boundary layer. The 
method of derivation and a key test show that it is 
reasonably accurate and of general application, 
including particularly the range of sharp pressure 
gradients and small pressure rises to separation. 
A partially new exact solution is also found forthe 
boundary-layer equations of motion, as well as 
the pressure distribution for continuously zero 
skin friction, this pressure distribution being ex- 
pected to attain any given pressure rise in the 
shortest distance possible for a given boundary 
layer, provided that there is neither transitionnor 
boundary-layer control. 


BOUNDARY-LAYER TRANSITION ON AN OPEN- 
NOSE CONE AT MACH 3.1. P. F. Brinich. US, 
NACA TN 4214, Feb., 1958. 11 pp. Comparison 
of transition locations for an open-nose cone, a 
conventional sharp cone, and a hollow cylinder 
showing that transition locations on the open-nose 
cone and the hollow cylinder are identical but dif- 
fer greatly from those on the sharp cone. It is 
supposed that this is due to the essentially two- 
dimensional character of the boundary layer at the 
leading edge of the open-nose cone. Bluntness ef- 
fects on the open-nose cone are quite similar to 
those on the hollow cylinder, and transition is dis- 
placed downstream 2.2 times the sharp-cone tran- 
sition distance by blunting the tip. 


AN ANALYSIS OF THE TURBULENT BOUNDA- 
RY-LAYER CHARACTERISTICS ON A FLAT 
PLATE WITH DISTRIBUTED LIGHT-GAS INJEC- 
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TION. M. W. Rubesin and C. C. Pappas. US, 
NACA TN 4149, Feb., 1958. 43 pp. 16 refs. Der- 
ivation of the basic turbulent boundary-layer equa- 
tions for a binary gas system as well as the modi- 
fied Reynolds analogies between momentum, mass, 
and heat transfer. The effect of foreign gas injec- 
tion on skin friction and heat transfer of a nearly 
isothermal boundary layer is estimated using the 
mixing length theory. Numerical results are given 
for hydrogen and helium. It is found that they 

have no effects on the temperature-recovery factor, 
and that from the viewpoint of reducing skin fric- 
tion by injection, helium and hydrogen are gener- 
ally 2.5 and 5.0 times as effective as air on amass 
basis; from the viewpoint of reducing the Stanton 
Number, they are generally 2.4 and 5.2 times as 
effective as air. 


THE ACCURACY OF MEASUREMENT OF TUR- 
BULENT SKIN FRICTION BY MEANS OF SUR- 
FACE PITOT-TUBES AND THE DISTRIBUTION 
OF SKIN FRICTION ON A FLAT PLATE. Appen- 
dix 1 - THE INFLUENCE OF THE TURBULENT 
FLUCTUATING VELOCITIES ON THE VON KAR- 
MAN MOMENTUM EQUATION FOR TWO-DIMEN- 
SIONAL FLOW. R. A. Dutton. Gt. Brit., ARC 
R&M 3058, 1957. 18 pp. 16 refs. BIS, New York, 
$0.99. Experimental investigation at a constant 
Reynolds Number of two-dimensional turbulent 
boundary-layer flow with zero pressure gradient 
on a smooth flat plate 6 ft. long, spanning the 
working-section of a return-circuit wind tunnel. 
Transition is promoted by trip wires and glass- 
paper strips. The general momentum equation is 
used in conjunction with measurements of skin fric- 
tion by Preston's method to obtain increments in 
momentum thickness which could be compared 
with the measured values. It is shown that Pres- 
ton's method gives the correct skin friction. 


A TURBULENT ANALOG OF THE STEWART- 
SON-ILLINGWORTH TRANSFORMATION. F. E. 
C. Culick and J. A. F. Hill. J. Aero. Sci., 
Apr., 1958, pp. 259-262. ll refs. Application of 
the Stewartson-Llingworth transformation to the 
integral momentum equation for compressible 
boundary layer flow, leaving the x-coordinate 
transformation unspecified. It is shown that the 
transformed equation is the integral momentum 
equation for incompressible flow if (a) the effect 
of compressibility on the boundary-layer shape 
parameter H can be represented by H +1 = (H; + 1) 
(To/T,.) and (b) the x-coordinate transformation 
is chosen to be suitably related to the ratio of the 
skin-friction coefficients in compressible and in- 
compressible flows. Experimental evidence is 
presented which shows that condition (a) is satisfi- 
ed for turbulent boundary layers up to Mach Num- 
ber 5. An x-transformation is chosen according 
to (b) and an equation is presented which gives the 
turbulent boundary-layer growth of compressible 
flow in terms of a simple quadrature. 


FINITE DIFFERENCE METHODS OF SOLU- 
TION OF THE VON MISES BOUNDARY LAYER 
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EQUATION WITH SPECIAL REFERENCE TO 
CONDITIONS NEAR A SINGULARITY. A. R. Mit- 
chell and J. Y Thomson. ZAMP, Jan. 25, 1958, 
pp. 26-37. Study of the separation point of the 
boundary-layer flow along a flat plate against an 
adverse pressure gradient. It is shown that the 
singularity of the von Mises equation at the plate 
in Gértler's problem can be overcome by using an 
appropriate expansion for the velocity in the vicin- 
ity of the plate. As a result,conditions at the plate 
can be deduced from the values of the velocity in 
the boundary layer obtained from a step-by-step 
finite difference procedure. 


THE BEHAVIOUR OF A PITOT TUBE IN 
TRANSVERSE SHEAR. Appendix - THE ESTIMA- 
TION OF DISPLACEMENT CORRECTIONS FOR 
A PITOT LARGE COMPARED WITH THE WIDTH 
OF THE WAKE. P. O. A. L. Davies. J. Fluid 
Mech., Feb., 1958, pp. 441-456. 10 refs. Exper- 
imental investigation on the displacement of the 
total-head profile in shear flow from its true posi- 
tion when it is measured with a flat-ended round 
pilot tube. The experiments show that at least 
two forms of displacement may exist depending on 
the flow conditions. In a wake the desplacement 
of the effective center of pressure towards the 
higher velocity is found to obey a law deduced the- 
oretically by Hall, provided that the changes in 
flow direction are not large. In the presence of 
large eddies the behavior of the pitot is further 
modified by its characteristics in yaw. This intro- 
duces a total-head error reducing the observed 
total head. In a turbulent boundary layer the ex- 
periment shows that the displacements are of an 
order of magnitude smaller than in a wake and 
can be regarded as negligible for a round pitot, 
even when it is touching the wall. 


Control Surfaces 


THE EFFECT OF ENTRAINMENT UPON A 
JET-FLAPPED AIRFOIL. H. S. London. Cornell 
U. Grad. Sch. Aero. Eng. Rep. (AFOSR TN 57- 
761) [AD 136750], Dec., 1957. 44 pp. Development 
of a model for a straight two-dimensional incom- 
pressible turbulent jet issuing into a free stream 
and calculation of the entrained mass flow. The 
jet is then replaced by a distribution of sinks 
which gives the same entrainment. With this sink 
distribution the potential flow is calculated over a 
thin bi-parabolic airfoil at zero angle of attack, 
with the jet at zero deflection angle, and from this 
the pressure drag due to entrainment is determin- 
ed. It is found that although this drag increases 
with increasing jet thrust, the ratio of entrainment 
drag to thrust decreases and is of the order of 
0.2-0.3 times the thickness ratio of the airfoil. It 
is further shown that with the jet deflected, the 
entrainment also induces a negative increment in 
circulation lift. 


Fluid Mechanics & Aerodynamic Theory 


THREE-DIMENSIONAL MOTIONS IN CLOSED 
REGIONS AT LARGE REYNOLDS NUMBERS. W. 
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W. Wood. Australia, ARL Rep. A.106, Nov. ,1957. 


16 pp. Analysis of the steady motions of a slightly 
viscous incompressible fluid with closed stream 
lines. A unique approximation is defined for the 
case of unclosed streamlines using Euler's equa- 
tions, but for motions with closed streamlines 
these equations are inadequate. This indetermi- 
nacy is analysed, and a method is developed for 
two-dimensional motions and extended to three 
dimensions. 


A THEORETICAL STUDY OF THE RECOM- 
BINATION KINETICS OF ATOMIC OXYGEN. Ap- 
pendix A - ESTIMATE OF k; BY COLLISION-RATE 
THEORY. Appendix B - ESTIMATES OF k, BY 
ABSOLUTE-REACTION-RATE THEORY. Appen- 
dix C - OXYGEN RECOMBINATION WITH FINITE 
COOLING RATES. S. T. Demetriades and Milton 
Farber. Aerojet-Gen. TN 2] (AFOSR TN 58-18) 
[AD 148057], Nov. 8, 1957. 60 pp. 42 refs. Anal- 
ysis to determine favorable conditions for meas- 
uring the recombination rates of atomic oxygen. 

A rate constant (kj) has been derived theoretically 
for the oxygen-recombination mechanism, O+ O + 
M —* O2 +M, on the order of 10!5 to 1016 ¢¢2/ 
mole*-sec., depending on the temperature. Fora 
recombination rate of this magnitude, static exper- 
iments can be performed in the range of tempera- 
ture from 1, 500 to 2,000°K. and pressures of the 
order of 10-3 atmos., provided that the wall re- 
combination is not faster than predicted by the 

rate of collisions of colliding oxygen atoms with 
the wall. The present estimate of the rate of oxy- 
gen recombination is compared with three factors: 
previous estimates; the rate of oxygen-molecule 
production due to wall recombination; and the 
ozone-recombination mechanism, O03 + O 


CONICAL FLOW PARAMETERS FOR AIR IN 
DISSOCIATION EQUILIBRIUM: FINAL RESULTS. 
M. F. Romig. Convair Sci. Res. Lab. RN 14, 
Jan., 1958. 58 pp. ll refs. Numerical integration 
of the Taylor-Maccoll equation describing super- 
sonic flow about cones for semi-vertex angles 
from 20° to 50°, velocities from 10, 000 to 32, 000 
ft/sec., free stream pressures from 10-* to 107 
atmospheres, and a nominal free stream tempera- 
ture of 491. 7°R. (273.16°K.). The air between 
the shock wave and the body is assumed to be in 
instantaneous thermal and chemical equilibrium. 
Values are tabulated for the aerodynamic and 
thermodynamic flow properties, electron density, 
velocity, and Mach Number directly behind the 
shockwave and on the cone surface streamline. 
These properties are correlated using the hyper- 
sonic similarity parameter with an error of less 
than 1%, and graphs are presented of the conical 
flow properties as functions of Mjsin®, (Mj) being 
the free stream Mach Number and @ the cone 
semi-vertex angle) and free stream pressure. 
Empirical equations based on the similarity rule 
are given for the shock-wave angle and pressure 
coefficient. 


FINAL REPORT SUMMARIZING RESEARCH 
IN RATE OF HIGH-SPEED REACTIONS. W. H. 
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Wurster. Cornell Aero. Lab. Rep. AD-959-A-2 
(AFOSR TR 58-8) [AD 148054], Jan., 1958. 19 pp. 
14 refs. Discussion of the principles of the single 
temperature pulse shock tube for the study of high- 
speed chemical reactions. This facility has been 
employed to investigate the kinetics of the Nz + Op 
= 2 NO reaction between 2, 000°K. and3, 000°K. 
These kinetics have been proven to be consistent 
with the chain mechanism proposed by Zeldovich. 
A separate study of the relaxation time for oxygen 
dissociation at 2,000 - 4,000°K. yielded values 
which confirm the validity of the chain mechanism 
for the NO reaction. 


EFFECT OF OXYGEN RECOMBINATION ON 
ONE-DIMENSIONAL FLOW AT HIGH MACH 
NUMBERS. S. P. Heims. US, NACA TN 4144, 
Jan., 1958. 52 pp. 32 refs. Theoretical analy- 
sis of air flow in a stream tube, in which oxygen 
dissociation and recombination occur. Thetheory 
developed permits a finite reaction rate which 
varies from point to point along the flow. An esti- 
mate of the reaction rate is made and a numerical 
example is worked out for a stream tube with a 
shape that might be expected for air flowing around 
a blunt body. Comparative relaxation times of the 
oxygen dissociation-recombination reaction in re- 
lation to molecular vibrations are also analyzed, 
and it is shown that it is not generally true that 
vibrational relaxation times are short compared 
to the time characteristic of chemical reaction. 
Some relaxation time values are calculated, anda 
method is given for estimating the effect of vibra- 
tional lag for relatively long vibrational relaxation 
times. 


OB OBTEKANII NAMAGNICHENNYKH TEL 
PROVODIASHCHEI ZHIDKOST'IU. A. G. Kuli- 
kovskii. AN SSSR Dokl., Nov. 1], 1957, pp. 199- 
202. In Russian. Investigation of the flow ofcon- 
ducting liquid past magnetized bodies with cavities 
containing the magnetic field. The case of sta- 
tionary flow is considered under the assumption 
of a cavity filled with liquid. Includes the cases 
of: flow of an incompressible fluid past a plane 
magnetic dipole perpendicular to the stream; 
constant-density supersonic flow over the surface 
of a wedge, perpendicular to the rib of the wedge; 
and constant-density supersonic flow over the sur- 
face of a cone, normal to the generatrix of the 
cone. 


PLASMA HEATING OF HYPERSONIC GAS 
FLOW. R. L. Chuan. USCEC Rep. 56-202 
(AFOSR TN 57-762) [AD 136751}, Dec. 31, 1957. 

21 pp. Discussion of a proposal to add energy to 
the electrons in the air downstream of the throat 
in a hypersonic wind tunnel by high frequency elec- 
trodeless discharge, and to allow electron energy 
to go into random kinetic energy of the molecules 
in the decay process. The decay process is ex- 
amined in an attempt to channel as much of the e- 
lectron energy as possible into raising the temper- 
ature of the gac by preventing losses by the am- 
bipolar loss mechanism. Inhibition of ambipolar 
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diffusion by means of an axial, constant magnetic 
field is examined, as well as the attendant possi- 
bility of having such an inhibiting effect nullified 
by drain diffusion resulting from hydromagnetic 
instability. 


THE PROSPECTS FOR MAGNETO-AERODY- 
NAMICS. E. L. Resler, Jr., and W. R. Sears. 
(LAS Natl. Summer Meeting, Los Angeles, June 
1957.) J. Aeto. Sci., Apr., 1958, pp. 
235-245, 258. 10 refs. Formulation of equations 
describing the flow of an electrically conducting 
fluid in the presence of electric and magnetic 
fields. In order to estimate the probable signifi- 
cance of magneto-aerodynamic effects, some data 
on conductivity of pure and "seeded" air are first 
examined. Dimensionless quantities representing 
the ratios of forces and of currents are then for- 
med and their values studied for conditions of light 
in the atmosphere. Some examples of magneto- 
hydrodynamic and magneto-gasdynamic effects in 
simple flows are also given. 


EXPERIMENTAL THERMAL CONDUCTIVITIES 
OF THE N20, = 2NO2 SYSTEM. K. P. Coffin 
and Cleveland O'Neal, Jr. US, NACA TN 4209, 
Feb., 1958. 22 pp. 18 refs. Measurement of 
thermal conductivity by a hot-wire technique at 
temperatures between 20° and 215°C. and pres- 
sures from 1/3 to 1 atmosphere; approximate val- 
ues are obtained at pressures as low as 0.02 at- 
mosphere from 20° to 80°C. Experimental values 
are in good agreement with values calculated so as 
to include the effects of dissociation; dissociation 


produces an order-of-magnitude increase in con- 
ductivity. 


EXPERIMENTS AT M = 1.41 ON ELLIPTIC 
CONES WITH SUBSONIC LEADING EDGES. E. W. 
E. Rogers and C. J. Berry. Gt. Brit., ARC 
R&M 3042, 1957. 41 pp. 44 refs. BIS, New York 
$2.16. Wind-tunnel study on six cones forming 
two families of models. In the first, the vertex 
angle in the plane of the major axes of the elliptic 
cross-sections is maintained constant at 60° and 
the ratio between the minor and major axes varied; 
in the second family, the minor axis is constant 
and the yertex angle has values of 30°, 60° and 
90°. Twocones from the first family are pressure- 
plotted at incidences up to 15°, the resulting pres- 
sure distributions being integrated to give the lift 
and pressure drag arising from the curved sur- 
faces of the cones. Lift, drag,and center-of-pres- 
sure position are measured for all models on a 
strain-gage balance. 


INCOMPRESSIBLE NEWTONIAN HY PERSONIC 
FLOW AROUND A SPHERE. R. D. Linnell. 
Convair Sci. Res. Lab. RN 5, June, 1957. 27 pp. 
Preliminary analysis of constant-density hyper- 
sonic inviscid flow around spheres. The surface 
velocity is obtained by assuming that the surface 
Overpressure varies as the sine of the local slope 
angle. The surface velocity and shock boundary 
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conditions are used to determine the constants in 
a series solution of the continuity equation, thus 
giving a prediction of the axial shock separation 
distance. It is shown that the equations for sur- 
face-velocity gradient and the separation distance 
can be used for quasi-static real gas conditions. 
The predictions correlate adequately with perfect 
gas condition test data. 


ANALYTICAL BOUNDARY CONDITIONS FOR 
HYPERSONIC FLOW AROUND A SPHERE. R. D. 
Linnell. Convair Sci. Res. Lab. RN 4, 1957. 35 
pp. Theoretical investigation of the shock bound- 
ary conditions to be satisfied at the unknown loca- 
tion of the detached shock wave, and determination 
of functional relations to be satisfied at the shock 
for axial symmetric spherical coordinates. A 
derivative matching procedure is considered for 
use in determining constants in a general solution. 
The procedure is shown to be extendible to any 
desired accuracy. Methods for obtaining a closed 
mathematical problem with cruder approximations 
than the three-derivative one are presented, as 
well as a method for obtaining an implicit equation 
for the shock applicable when solutions for u 
(radial component of velocity) and v (circumferen-— 
tial component of velocity) are known. 


ON THE MOTION OF A SPHERE ALONG THE 
AXIS OF A ROTATING FLUID. K. Stewartson. 
Quart. J. Mech. &-Appl. Math., Feb., 1958, pp. 
39-51. Analysis of a sphere in an unbounded fluid 
rotating with uniform angular velocity, using the 
assumption that the fluid is undisturbed far up- 
stream. It is shown that no wave-like components 
can then occur upstream of the body. The stream 
function y and the drag are found for various val- 
ues of the Rossby number ka. When the Rossby 
Number = 5.76 both these quantities become infinite 
everywhere and it is inferred that the fluid cannot 
be undisturbed far upstream when ka 2 5.76. It 
is probable that cylindrical flow which must then 
be present must also occur at smaller values ofka 
whose lower bound is unknown. 


ON THE DRAG OF A SPHERE AT EXTREMELY 
HIGH SPEEDS. V.C. Liu. J. Appl. Phys., Feb, 
1958, pp. 194, 195. Army-sponsored derivation 
of the formula for the pressure-drag coefficient, 
assuming that the nose of the shock contour follows 
exactly the frontal half of the spherical surface 
and the local pressure on the frontal spherical sur- 
face corresponds to the pressure behind the shock 
wave, after the statistical equilibrium between the 
various degrees of freedom of the molecule has 
been reached. The chemical dissociation of the 
molecules behind the shock wave is taken into ac- 
count in the analysis, and the theoretical results 
of the drag coefficient of the spheres agree with 
the corresponding available measured values 
within the experimental error for the range of 
Mach Numbers between 5 and 10. 


UNSTEADY FLOW INCLUDING SHOCK WAVES 
AROUND A SLENDER TWO-DIMENSIONAL BODY 
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MOVING AT HIGH SUPERSONIC SPEEDS. G. R. 
Russell. Cornell U. Grad. Sch. Aero. Eng. Rep. 
(AFOSR TN 57-759) [AD 136748], Sept., 1957. 39 
pp. 13 refs. Development of approximate solu- 
tions by transforming a time-dependent physical 
boundary condition into a "piston" plane with one 
less dimension. The unsteady one-dimensional 
problem is solved there with a second-order theo- 
ry, and the result is transformed back into the 
physical plane. It is shown that one solution in the 
"piston" plane represents a family of possible flow 
patterns in the physical plane, and every solution 
depends on the history of the moving body. Exam- 
ples are obtained for a plunging flat plate, a wedge 
moving with constant angular velocity, and an os- 
cillating wedge. 


AN EXPERIMENTAL INVESTIGATION OF THE 
FLOW OVER SIMPLE TWO-DIMENSIONAL AND 
AXIAL SYMMETRIC BODIES AT HYPERSONIC 
SPEEDS. I.E. Vas, S.M. Bogdonoff, andA.G. Ham- 
mitt. Jet Propulsion, Feb. , 1958, pp. 97-104. 24 refs. 
Presentation of wind-tunnel test data for flat and 
semicircular leading edges for Mach Numbers be- 
tween ll and 19. The shock shape, detachment dis- 
tance, and sonic point on the shock are foundfrom 
the Schlieren pictures. Similar pressure distribu- 
tions are obtained for corresponding two-dimen- 
sional and axial symmetric bodies. 


ZUR AERODYNAMIK DER RUMPFKORPER 
BEI KOMPRESSIBLER STROMUNG. Erich 
Truckenbrodt. ZFW, Jan., 1958, pp. 15-20. In 
German. Study of the aerodynamics of bodies in 
compressible flow, using the Prandtl-Glauert 
transformation for bodies in subsonic and super- 
sonic flow. In the subsonic case the problem is 
reduced to the solution of a corresponding incom- 
pressible problem (M = 0), in the supersonic case 
to that of a corresponding problem with M= fs. 
It is shown that the pressure, lift, and moment 
distribution are independent of the Mach Number. 


A MODEL OF SUPERSONIC FLOW PAST 
BLUNT AXISYMMETRIC BODIES, WITH APPLI- 
CATION TO CHESTER'S SOLUTION. M. D. van 
Dyke. J. Fluid Mech., Feb., 1958, pp. 515-522. 
Analysis in which a simple approximate model is 
set forth for the flow field between the nose of a 
blunt body of revolution and its detached shock 
wave. The model tends to explain the poor con- 
vergence of Chester's solution, based on an im- 
provement of the Newtonian approximation. It sug- 
gests a modification of his series for the body 
shape which appears to improve its convergence 
considerably. 


SCURGERI CONICE DE ORDIN SUPERIOR IN 
JURUL ARIPILOR TRIUNGHIULARE SUBTIRI 
SAU DE GROSIME SIMETRICA. E. Carafoli and 
M. Ionescu. Stud. Cerc. Mec. Aplic., No. 3, 
1957, pp. 677-701. In Rumanian, with summaries 
in English and Russian. Investigation of high- 
order conical flows around thin triangular wings 
or wings of variable thickness. Based upon a hy- 
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drodynamic analogy, it is shown that any high- 
order homogeneous motion can be reduced to the 
problem of a series of singularities located in the 
Busemann plane along the wedges separating two 
regions with different vertical velocity distribu- 
tions. These singularities, required by the phys- 
ical flow conditions in the immediate proximity of 
the wedge, have ahydrodynamic character (sources, 
doublets, etc.), and are reproduced in a conven- 
iently chosen plane such that the problem of bound- 
ary conditions be a known problem of a two-dimen- 
sional motion. Thus, the axial disturbance veloc- 
ities, due to a wedge or to subsonic leading edge 
of a thin wing, are established. The axial disturb- 
ance velocities around thick or thin wings with 
subsonic or supersonic leading edges are given in 
their general form. 


THE CALCULATION OF THE DRAG IN PROB- 
LEMS SOLVED BY THE HODOGRAPH METHOD. 
A. G. Mackie. Philos. Mag., 8th Ser., Feb., 
1958, pp. 140-142. USAF-sponsored development 
of explicit formulas for the total drag on a class 
of obstacles placed in a uniform stream of an in- 
viscid fluid when the stream function is given in 
terms of the velocity variables. These formulas 
are presented for incompressible flow and for the 
incompressible-flow equation. 


ON THE VALIDITY OF CONTINUUM THEORY 
FOR SATELLITE AND HYPERSONIC FLIGHT 
PROBLEMS AT HIGH ALTITUDES. M. C. Adams 
and R. F. Probstein. Jet Propulsion, Feb., 1958, 
pp. 86-89. Estimation of the order of magnitude 
in establishing the flight conditions to which acon- 
tinuum analysis should be applicable in the stagna- 
tion region of a blunt body. Differential equations 
are presented for the flow in the stagnation region 
for the flight regime where neither boundary layer 
theory nor free molecule theory are valid. The results 
of the study are applied to the problem of re-entry 
of a satellite, and it is concluded that a continuum 
analysis, with no slip at the body surface, is valid 
for flight conditions where heating is important. 


MEASUREMENTS OF THE INTENSITY, INTE- 
GRAL SCALE AND MICROSCALE OF TURBU- 
LENCE DOWNSTREAM OF THREE GRIDS IN A 
STREAM OF AIR. B. G. van der Hegge Zijnen. 
Appl.. Sci. Res., Sect. A, No. 2-3, 1958, pp. 149- 
174. 15 refs. Investigation of the flow past iron- 
strip grids. The strips were 0.7, 1.2, and1.0 
cm. wide, respectively; and for most of the exper- 
iments the velocity of the wind tunnel was 1, 200 
cm./sec. 


Internal Flow 


SOME TESTS ON CASCADES OF COMPRESSOR 
BLADES FITTED WITH VORTEX GENERATORS. 
R. Staniforth. Gt. Brit., NGTE Memo. M.314, 
Jan., 1958. 18 pp. Experimental investigation 
showing that the fitting of vortex generators to the 
convex surface of compressor blades increases 
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the two-dimensional losses under all conditions. 
It is further shown that the vortex generators are, 
in fact, suppressing shock-induced flow separa- 
tion, but that boundary layer separation still oc- 
curs at about 50% chord - probably due to the in- 
creased boundary layer thickness produced by the 
vortex generator drag, and that it is impossible 

~ a to increase the drag critical Mach Number by 
means of vortex generators. 


EXPERIMENTAL AND THEORETICAL INVES- 
TIGATIONS OF THE FLOW OF AIR THROUGH 
TWO SINGLE-STAGE COMPRESSORS. J. H. Hor- 
lock. Gt. Brit., ARC R&M 3031, 1957. 36 pp. 
BIS, New York, $1.89. Investigation on the accu- 
racy of theoretical predictions for actuator-disc 
performance carried out on an axial-flow-com- 

' pressor test rig. This study involves the travers- 
. ing of pressure and angle measuring instruments 
at the trailing edge and further downstream of 
blade rows, and comparisons of the axial velocity 
profiles obtained from these pressures and yaw 
angles at the various stations with theoretically 
predicted profiles. The changes in axial velocity 
profiles at the trailing edges of blade rows due to 
the interference effect of neighboring rows are also 
studied, both in the stalled and unstalled regions 
of operation. 


SUBSONIC WIND-TUNNEL TESTS OF VARIOUS 
} FORMS OF AIR INTAKE INSTALLED IN A FIGHT- 
8 ER-TYPE AIRCRAFT. Appendix I - MEASURE- 
3, MENT OF INTERNAL DRAG. B. J. Prior and 
C. N. Hall. Gt. Brit., RAE Rep. Aero. 2576, 
- Sept., 1957. 79 pp. 16 refs. Experimental inves- 


a tigation at Mach Numbers up to 0.93 to show how 

s the longitudinal characteristics of a fighter-type 

n aircraft are affected by the installation of air in- 

a takes in either the nose, fuselage sides, or wing- 
s 


roots. It is seen that none of these intakes alter 
the lift or pitching moment characteristics signifi- 
n cantly, but their effects on external drag vary, 

and only the nose intake avoids an increase which 
largely determines not only the critical Mach Num- 
ber,and hence the behaviour at transonic speeds of 
= j the intake fairing, but also its sensitivity to spill- 
age and aircraft attitude. 


DESIGN OF A VARIABLE TEST SECTION 
HEIGHT SEMIF LEXIBLE NOZZLE FOR A LARGE 
MACH NUMBER RANGE. John Rosén and Gésta 
Rosander. SFAB TN 5, July 6, 1957. 22 pp. 
Presentation of nondimensional design parameters 
as functions of the Mach Number for nozzles of 
different maximum slope angles. From these 
curves all data necessary for designing a variable 
supersonic nozzle, adapted to the theoretical re- 
quirements within the whole Mach Number range, 
can be found. Two new design concepts are intro- 
duced for obtaining a theoretically correct nozzle 
at any Mach Number. One is the variable test sec- 
tion height, and the other a device for automatic 
variation of the boundary-layer correction with 
Mach Number. 


SHAPE OF INITIAL PORTION OF BOUNDARY 
OF SUPERSONIC AXISYMMETRIC FREE JETS 
AT LARGE JET PRESSURE RATIOS. E. S. Love 
and L. P. Lee. US, NACA TN 4195, Jan., 1958. 
29 pp. Calculations for jets exhausting into still 
air at large ratios of jet static pressure to stream 
static pressure from a conically divergent nozzle 
having a jet exit Mach Number of 2.5 and a semi- 
divergence angle of 15°, The calculations cover 
static-pressure ratios from about 60 to 42, 000 
and ratios of specific heats of 1.200, 1.400, and 
1.667. Results indicate the size and shape of the 
jet to be expected at large pressure ratios, the 
effects of the ratio of specific heats, and the large 
initial inclinations for the boundary that are likely 
to be encountered by hypersonic vehicles at high 
altitude. A cursory examination of the propulsive 
jet behavior on a hypothetical rocket-propelled 
hypersonic vehicle indicates that feasible hyper- 
sonic vehicles may encounter within their operat- 
ing range initial inclinations of the free-jet bound- 
ary approaching and exceeding 90°. 


SUPERSONIC JET DEFLECTION. Appendix - 
DETERMINATION OF THE CENTRE OF PRES- 
SURE. R. P. Fraser and P. N. Rowe. RAeS J., 
Jan., 1958, pp. 43-59. 24 refs. Experimental 
investigation on model nozzles to examine some of 
the possible means of effecting jet control and to 
obtain some data concerning the forces involved. 
The following four jet control methods are present- 
ed and compared: nozzle alignment, auxiliary side 
jets, compression deflection, and expansion deflec- 
tion. 


STRENGE LOSUNGEN DER NAVIER-STOKES- 
GLEICHUNG FUR ROTATIONSSYMMETRISCHE 
STROMUNGEN. Karlheinz Miller. DVL Bericht 
No. 47, Dec., 1957. 53 pp. Westdeutscher Ver- 
lag, Kéln & Opladen. In German. Derivation of 
exact solutions of the Navier-Stokes equations for 
rotationally symmetric flows, covering any cone 
or nozzle angle and any viscosity, and discussion 
of rational solutions. The special cases of these 
strict solutions include the efflux of a round jet 
from a nozzle or suction through a small orifice. 


ON THE DEFLEXION OF JETS BY AERO- 
FOILS. L. C. Woods. Quart. J. Mech. & Appl. 
Math., Feb., 1958, pp. 24-38. Study of a two- 
dimensional jet of incompressible inviscid fluid 
which is deflected by an airfoil immersed in it. 
The relation between the airfoil incidence and jet 
deflection angle, the extent to which the airfoil 
displaces the jet from the position it would occupy 
in the airfoil's absence, and the ratio of fluid 
flowing above the airfoil to that flowing below are 
calculated. Other results, such as the velocity 
distribution over an airfoil and the shape of the 
free surface of the jet,are also given. 


Performance 


FLIGHT DEVELOPMENT OF THE AVRO 
CF-100 MARK 5 AIRCRAFT. D. C. Whittley. 
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RAeS J., Feb., 1958, pp. 118-122. Discussion of 
the improvements made in the wing aerodynamic 
characteristics of the CF-100 twin-jet fighter. 
Modifications to the wing include increase in as- 
pect ratio, addition of vortex generators, and de- 
flection of trailing edge flaps. The effect of flap 
deflection and addition of vortex generators on the 
aerodynamic characteristics of the wing are shown 
to be closely associated with interaction of the 
upper surface shock wave with the boundary layer. 
Performance gains are demonstrated at high sub- 
sonic speeds at high altitudes. Vortex generators 
improve the buffet boundary, while flap deflection 
increases aircraft ceiling and improves buffet 
boundary. 


BETRACHTUNGEN ZUM REICHWEITENVER- 
LUST BEIM KURVENFLUG. Siegfried Ginter. 
ZFW, Jan., 1958, pp. 10-15. In German. Inves- 
tigation of the energy loss due to steady flight a- 
long a curved path, and development of the corre- 
sponding equations for four flight problems, the 
thrust increase required to maintain steady curved 
flight being given for two cases. The four non- 
steady curves in the case when thrust equals drag 
in level flight and is not increased at the beginning 
of the curved path are calculated for two represent- 
ative engine characteristics of thrust and speed 
and two values of the parameter QF/G (sonic stag- 
nation pressure x wing area/gross weight). 


Stability & Control 


WIND-TUNNEL INVESTIGATION OF EFFECT 
OF SWEEP ON ROLLING DERIVATIVES AT AN- 
GLES OF ATTACK UP TO 13° AND AT HIGH SUB- 
SONIC MACH NUMBERS, INCLUDING A SEMIEM- 
PIRICAL METHOD OF ESTIMATING THE ROLLING 
DERIVATIVES. J. W. Wiggins. US, NACA TN 
4185, Jan., 1958. 47 pp. 19 refs. Presentation 
of results of an investigation to determine the 
rolling derivatives for swept-wing-body configu- 
rations. The wing has sweep angles of 3.6°, 32.6°, 
45°, and 60° at the quarter-chord line, an aspect 
ratio of 4, a taper ratio of 0.6, and an NACA 
65A006 airfoil section parallel to the free stream. 
Some tests are made of the 45° swept wing with 
fences located at the 65% -semispan station. It is 
shown that the variation of the damping-in-roll de- 
rivative with sweep angle at zero angle of attack 
is in fair agreement with the predictions, but con- 
trary to predictions,the yawing moment and the 
lateral force both due to rolling, were positive and 
negative respectively throughout the angle-of- 
attack range. A method for estimating the yawing 
moment and lateral force is presented; it is appli- 
cable over large ranges of leading-edge radii, 
wing thickness, and Mach Number. 


Wings & Airfoils 


ZUR AERODYNAMIK DES RINGFLUGELS. 
II - DIE RUDERWIRKUNG. III - DER EINFLUSS 
DER PROFILDICKE. J. Weissinger. DVL Be- 
richt No. 39; No. 42, Oct., 1957. 27; 44 pp. 
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Westdeutscher Verlag, Kéln & Opladen. InGerman. 
Il - EORDC-sponsoredinvestigation of the aerody- 
namics of annular wings covering the rudder ef- 
fect. Includes: summary of previously derived 
formulas and derivation of tables for kernel func- 
tions, equivalent matrices, and their inverses; 
modification of the reciprocity rule of the airfoil 
theory for annular wings; and derivation of formu- 
las for the radial force and moment distributions. 
Results indicate that the annular wing parameter 
L/D has a strong influence on the rudder effect. 
III - Study of the effect of profile thickness indicat- 
ing the need for a vortex as well as a source dis- 
tribution. Includes: tabulation of kernel functions 
of the integral equation for the calculation; pres- 
entation, in a form suitable for practical calcula- 
tion, of the axial velocity for a circular cylinder 
with superimposed sources and vortices; presen- 
tation of tables for the most important cases so 
that for a given profile and wing form only a su- 
perposition operation is required; and indication 
that the velocity on the circular cylinder can be 
used to obtain the profile contour. 


CALCULATED VELOCITY DISTRIBUTIONS 
AND FORCE DERIVATIVES FOR A SERIES OF 
HIGH-SPEED AEROFOILS. C. S. Sinnott. Gt. 
Brit., ARC R&M 3045, 1957. 3l pp. BIS, New 


York, $1.62. Determination of the velocity dis- 
tribution over a number of two-dimensional air- 
foils at low incidence, using the polygon method 
of Woods. Lift slopes and aerodynamic centers 
at zero lift are also calculated, and some compar- 
isons with experimental results are made, showing 
good agreement at zero incidence. 


AERODYNAMISCHE PROBLEME BEI DER 
ENTWICKLUNG VOM UNTERSCHALL- ZUM U- 
BERSCHALLTRAGFLUGEL. Dietrich Fiecke. 
VDI Zeitschrift, Feb. 1, 1958, pp. 133-146. 25 
refs. In German. Investigation of aerodynamic 
problems in the development from subsonic to su- 
personic wings, including a comparison of dimen- 
sional and geometric characteristics of wings of 
long-range transport, long-range bomber, and 
fighter aircraft. The main trends in parameter 
changes in relation to speed-regime increases are 
pointed out for each group; the aerodynamic theory 
is reviewed for subsonic, transonic, and superson- 
ic flight; and the influence of wing plan form or 
aerodynamic behavior is illustrated for arrow, 
swept, and delta wings of different aspect ratios 
and profile thicknesses. 


AN INVESTIGATION OF THE VELOCITY DIS- 
TRIBUTION AROUND THE NOSE OF THE AERO- 
FOIL WITH AFLAP. I. H. Rettie. Gt. Brit., 
ARC R&M 3027, 1957. 15 pp. BIS, New York, 
$0.81. Determination of the velocity distribution 
around the nose of an NACA 0015-64 airfoil by ex- 
periment and of that around the nose of a Piercy 
15/40 airfoil by calculation for various angles of 
incidence and flap deflection. It is shown that at 
all incidences this velocity distribution is a function 
of the position of the stagnation point, irrespective 
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of the flap deflection. This result is true gener- 
ally, and it is suggested that use might be made 

of it in the design of a lift-coefficient meter, which 
could also be used to give warning of a stall. 


THEORY OF AEROFOILS ON WHICH OCCUR 
BUBBLES OF STATIONARY AIR. L. C. Woods. 
Gt. Brit., ARC R&M 3049, 1957. 16 pp. 12 refs. 
BIS, New York, $0.90. Outline of a mathematical 
theory of the subsonic inviscid flow external to 
the bubble, caused by flow reattachement whose 
position is assumed. The influence of the bubble 
on the lift and moment coefficients is calculated, 
and some comments are made about the stalling 
of thin airfoils. 


INITIAL LIFT OF FINITE ASPECT-RATIO 
WINGS DUE TO A SUDDEN CHANGE OF INCI- 
DENCE. D. E. Lehrian. Gt. Brit., ARC R&M 
3023, 1957. 6 pp. BIS, New York, $0.45. De- 
termination of the ratio of the initial to the final 
values of the lift for rectangular wings andcropped 
delta wings of taper ratio 1/7. These values indi- 
cate that the initial lift may be greater than the 
final lift for aspect ratios A & 2. This result is 
confirmed by the values of instantaneous lift pre- 
viously measured for the delta wing of aspect ratio 
1.2 as its incidence rapidly changed. 


DRAG MINIMIZATION FOR WINGS IN SUPER- 
SONIC FLOW, WITH VARIOUS CONSTRAINTS. 
M. A. Heaslet and F. B. Fuller. US, NACA TN 
4227, Feb., 1958. 30 pp. 13 refs. Study of the 
minimization of inviscid fluid drag for wings sub- 
ject to constraints on lift, pitching moment, base 
area, or volume. An approximate solution for 
given lift is obtained and, for certain wing classes, 
analogies between lifting and nonlifting cases are 
found. Results are given for a family of wings 
with curved leading edges when lift and center of 
pressure at 60% chord are specified. Integrals of 
loading along oblique lines are presented, and min- 
imum drag is determined for other plan forms. 
For nonlifting wings the occurrence of unreal 
shapes is discussed. 


A SUBSONIC LIFTING-SURFACE THEORY 
FOR LOW ASPECT-RATIO WINGS. C. R. Taylor. 
Gt. Brit., ARC R&M 3051, 1957. 20 pp. 20refs. 
BIS, New York, $1.08. Development of a method 
to determine the loading on low-aspect-ratio 
wings. The method improves on R. T. Jones's 
theory for wings of very small aspect ratio. Cal- 
culations have been made for 13 different wings 
and a comparison with other methods of solution 
is given for some cases. 


THEORETICAL CALCULATIONS OF SUPER- 
SONIC WAVE DRAG AT ZERO LIFT FOR A PAR- 
TICULAR STORE ARRANGEMENT. Appendix A - 
SUMMARY OF VELOCITY POTENTIALS FOR 
CANTED ARRANGEMENT. Appendix B - SUM- 
MARY OF EQUATIONS FOR THE WAVE-DRAG 


COEFFICIENT OF THE CANTED ARRANGEMENT. 
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Appendix C - SOME SPECIFIC INTEGRALS OF 
INTEREST OCCURRING IN THE DRAG ANALYSIS. 
Appendix D - SUMMARY OF FORMULAS FOR 
VELOCITY POTENTIALS AND WAVE DRAG FOR 
THE PARALLEL ARRANGEMENT. Appendix E - 
EXPRESSIONS FOR INTERFERENCE PRESSURES 
ACTING ON BASE. Kenneth Margolis, F. S. Mal- 


vestuto, Jr., and P, J. Maxie, Jr. US, NACA 
TN 4120, Jan., 1958. 37 pp. Analysis, based on 
the linearized thin-airfoil theory for supersonic 
speeds, for a simple two-body arrangement con- 
sisting of two wedgelike surfaces, each witha 
rhombic lateral cross-section and emanating from 
a common apex. Results for the complete range 
of supersonic Mach Numbers show that by orient- 
ing the axes of the bodies relative to each other a 
given volume may be redistributed in a manner 
which enables the wave drag to be reduced within 
the lower supersonic speed range. At higher Mach 
Numbers, the wave drag is always increased. A- 
nalogous drag calculations for the case of two par- 
allel winglike bodies with the same cross-section- 
al shapes as the canted configuration are also in- 
cluded, and favorable interference pressures act- 
ing on the blunt bases of both arrangements are 
considered. 


DESIGN OF WARPED SLENDER WINGS WITH 
THE ATTACHMENT LINE ALONG THE LEADING 
EDGE. Appendix I - SOME SPECIAL INTEGRALS. 
Appendix II - COMPARISON OF RESULTS OBTAIN- 
ED BY SLENDER-WING THEORY, NOT-SO-SLEN- 
DER-WING THEORY AND BY LINEAR THEORY. 
J. Weber. Gt. Brit., RAE TN Aero. 2530, Sept., 
1957. 83 pp. 15 refs. Presentation of a design 
method for slender warped wings with an unswept 
trailing edge but an otherwise arbitrary planform, 
which at the design lift coefficient have zero load 
coefficient, zero load along the leading edge, and 
a near planar vortex sheet from the trailing edge. 
The wing can have an arbitrary chordwise curva- 
ture on which a spanwise curvature is superposed 
in order that in any spanwise section the wing is 
straight over the inner part of the wing and curved 
over the portion near to the leading edges; the po- 
sition of this change can vary arbitrarily in the 
chordwise direction. Formulas and working charts 
are given far determining the local load coefficient 
(and with it the streamwise velocity component), 
the spanwise velocity component, the total lift coef- 
ficient, and the total drag. 


CONTRIBUTION OF THE WING PANELS TO 
THE’ FORCES AND MOMENTS OF SUPERSONIC 
WING-BODY COMBINATIONS AT COMBINED 
ANGLES. Appendix A - FORCES AND MOMENTS 
ON WING PANELS OF WING-BODY COMBINA~ 
TIONS IN POTENTIAL FLOW. Appendix B - EF- 
FECT OF BODY VORTICES ON WING-PANEL 
FORCES AND MOMENTS. J. R. Spahr. US, 
NACA TN 4146, Jan., 1958. 62 pp. Wind-tunnel 


investigation at a Mach Number of 1. 96 and at 
Reynolds Numbers of 0. 36 and 1. 03 million to de- 
termine the normal forces, pitching moments, and 
rolling moments contributed by each wing panel 
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of a cruciform-wing and body combination over a 
wide range of combined angles of pitch and roll. 
Results show that large changes in the panel forces 
and moments can occur as the result of combined 
angles. It is found that a general theoretical meth- 
od yields results in good agreement with the wind- 
tunnel measurements; the normal! force and pitch- 
ing moments contributed by the wing are essential- 
ly independent of roll angle; and the directional 
stability contributed by a conventional arrangement 
of tail surfaces on a body decreases seriously with 
angle of attack, especially at small sideslip angles. 


VERGLEICH DER THEORETISCHEN UND Ex- 
PERIMENTELLEN WIDERSTANDSBEIWERTE IM 
SCHALL-UND UBERSCHALLGEBIET. Dietrich 
Fiecke. ZFW, Feb., 1958, pp. 36-47. 49 refs. 
In German. Comparison of drag coefficients ob- 
tained from measurements on different types of 
wings and bodies in sonic and supersonic flow with 
the corresponding values of the linearized super- 
sonic flow theory. Various drag components are 
presented as an attempt to give some basic infor- 
mation for the estimation of the change in drag 
with Mach Number. 


DIE WIDERSTANDSBEIWERTE VON TRAG- 
FLOGELN UND RUMPFEN NACH DER LINEAREN 
UBERSCHALLTHEORIE. F. Wegener and F. 
Kowalke. ZFW, Feb., 1958, pp. 29-35. In Ger- 
man. Determination of the wave drag at zero lift 
for wings and bodies, using the linearized super- 
sonic-flow theory. The drag component is esti- 
mated for the wing alone as well as for the wing- 
tail arrangement. Infinite and finite span airfoils, 
as well as spheroidal fusilages are examined. 


WINDKANALERGEBNISSE ZUM INTERFE- 
RENZPROBLEM MODERNER HOCHLEISTUNGS- 
FLUGZEUGE. Xaver Hafer. ZFW, Jan., 1958, 
pp. 20-28. In German. Presentation of wind-tun- 
nel results concerning the interference problem of 
modern high-performance aircraft. The best 
wing -body-tail-combination in incompressible flow 
for obtaining satisfactory flight characteristics is 
investigated, and possible improvements due to 
boundary-layer and ground effects are discussed. 


AEROELASTICITY 


AEROELASTIC INSTABILITY AT HIGH MACH 
NUMBER. J. P. Chawla. J. Aero. Sci., Apr., 
1958, pp. 246-258. 13 refs. USAF-sponsored 
discussion of the limitations of the piston theory, 
and derivation of the aerodynamic forces on oscil- 
lating airfoils in a slightly different form to con- 
form to the NACA practice, using Lighthill's ap- 
proach. The familiar nondimensional flutter co- 
efficients are tabulated for general double and sin- 
gle wedge and parabolic biconvex profiles. Exten- 
sive parametric studies are made for preliminary 
design to aid in estimating the effect on flutter 
speed and frequency of airfoil thickness and pro- 
file, initial angle of attack, modal shape, changes 
in elastic and inertial properties of the wing, and 
flight altitude. 
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TABLES OF AERODYNAMIC FLUTTER DE- 
RIVATIVES FOR THIN WINGS AND CONTROL 
SURFACES IN TWO-DIMENSIONAL SUPERSONIC 
FLOW. I. T. Minhinnick and D. L. Woodcock. 
Gt. Brit., RAE Rep. Struc.228, Oct., 1957. 44 
pp. Presentation of values giving the forces on 
wings and control surfaces due to wing motion for 
control surface/wing chord ratios of 0(0.1), 0.6, 
and 1.0, and for at least eleven values of the fre- 
quency parameter between 0 and1.5., as well as 
for different Mach Numbers. 


EFFECTS OF AIRPLANE FLEXIBILITY ON 
WING STRAINS IN ROUGH AIR AT 35, 000 FEET 
AS DETERMINED BY A FLIGHT INVESTIGATION 
OF A LARGE SWEPT-WING AIRPLANE. R. H. 
Rhyne. US, NACA TN 4198, Jan., 1958. 23 pp. 
Experimental investigation on a large bomber air- 
plane, and comparison of results with data previ- 
ously obtained at low altitude (5,000 feet). The 
effects of wing flexibility on the wing strain are, 
on the ave age, about 20% larger at higher alti- 
tude. Representative values of the amplification 
factors vary from about 1.3 at the root stations 
to about 2.5 at the midspan stations. 


MEASURED AND PREDICTED DYNAMIC RE- 
SPONSE CHARACTERISTICS OF A FLEXIBLE 
AIRPLANE TO ELEVATOR CONTROL OVER A 
FREQUENCY RANGE INCLUDING THREE STRUC- 
TURAL MODES. Appendix A, B - CALCULATION 
OF FREE-FREE MODES. Appendix C - DERIVA- 
TION OF EQUATIONS OF MOTION. H. A. Cole, 
Jr., and E. C. Holleman. US, NACA TN 4147, 
Feb., 1958. 8l pp. 14 refs. Experimental inves- 
tigation over an operating Mach Number range at 
altitudes from 15, 000 to 35, 000 feet. Response 
quantities for the nose, center of gravity, wing 
tip, and tail are shown for frequencies from the 
aircraft short-period mode to the fuselage first- 
bending mode. Comparisons are made between 
the measured responses and those predicted by 
dynamic analyses with up to three structural 
degrees of freedom. Dynamic response measured 
in flight is interpreted in terms of lines of low 
response, and comparisons are made with predict- 
ed lines of low response and node lines predicted 
by free-free analysis and measured in ground vi- 
bration tests. 


CONCEPT OF COMPLEX STIFFNESS APPLIED 
TO PROBLEMS OF OSCILLATIONS WITH VIS- 
COUS AND HYSTERETIC DAMPING. Appendix - 
DETAILS OF CALCULATING THE ENERGY DIS- 
SIPATION IN AN EXPONENTIALLY DECAYING 
HARMONIC OSCILLATION. S. Neumark. Gt. 
Brit., RAE Rep. Aero.2592, Sept., 1957. 45 pp. 
2l refs. Theoretical investigation of the concept 


' of complex stiffness in problems of oscillations 


which shows that the correct expressions for complex 
stiffness are different in the cases of forced and 
free oscillations. All fundamental cases for a 
single degree of freedom are critically re-exam- 
ined and compared, and fallacious solutions are 
eliminated. 


(58) 


( 
h 
] 


} 


LIFT AND MOMENT ON THIN ARROWHEAD 
WINGS WITH SUPERSONIC EDGES OSCILLATING 
IN SYMMETRIC FLAPPING AND ROLL AND AP- 
PLICATION TO THE FLUTTER OF AN ALL- 
MOVABLE CONTROL SURFACE. Appendix A - 
DEVELOPMENT OF VELOCITY POTENTIAL. 
Appendix B - FORCE AND MOMENT COEFFI- 
CIENTS. Appendix C - NUMERICAL EXAMPLE 
OF A FLUTTER CALCULATION. H. J. Cunning- 
ham. US, NACA TN 4189, Jan., 1958. 58 pp. 
Application of a method based on linearized super- 
sonic potential-flow theory to the cases of sym- 
metric flapping and rolling oscillations in order to 
obtain section lift and moment plus total unsteady 
lift and moment coefficients. Spanwise distribu- 
tions are illustrated and compared with results of 
a strip-theory method. The aerodynamic coeffi- 
cients are applied to a couple-mode flutter analy- 
sis of an all-movable control surface for which the 
flexibilities are concentrated in a supporting shaft. 


A METHOD FOR THE CALCULATION OF THE 
LATERAL RESPONSE OF AIRPLANES TO RAN- 
DOM TURBULENCE. Appendix A - FREQUENCY- 
DEPENDENT STABILITY DERIVATIVES DUE TO 
SIDE GUSTS. Appendix B - AIRFRAME TRANS- 
FER FUNCTIONS. Appendix C - TWO EQUIVA- 
LENT WAYS OF EXPRESSING THE POWER SPEC- 
TRAL RELATIONSHIP BETWEEN GUSTS AND 
AIRPLANE MOTIONS. J. M. Eggleston and W. H. 
Phillips. US, NACA TN 4196, Feb., 1958. 34 pp. 
Presentation of the procedure in which the gust 
velocities are represented as rolling gusts, yawing 
gusts, and side gusts. Random distributions of 
gust velocities across the span are taken into ac- 
count in defining the rolling and yawing gusts. 
Complex stability derivatives are used to account 
for the random distribution of side gusts along the 
fuselage and vertical tail and the lag effects in 
gust penetration. A sample calculation procedure 
is presented for obtaining the response of the air- 
plane in each degree of freedom. 


AVIATION MEDICINE 


EIN GERAT ZUR FORTLAUFENDEN ELEK- 
TRISCHEN IMPULSFREQUENZANALYSE UND 
-INTEGRATION. H. Briiner and K. Dietmann. 
DVL Bericht No. 53, Dec., 1957. 14 pp. 14 refs. 
Westdeutscher Verlag, Kéln & Opladen. In Ger- 
man. Description of an apparatus for the continu- 
ous electrical analysis and integration of impulse 
frequencies used on subjects under stress and an- 
oxia. The equipment is designed to operate over 
a wide range of environmental conditions, i.e., 
pressure chambers, climatic chambers, etc. The 
impulses observed are transformed into electrical 
pulses and superposed on a rectified current wave 
form; the modified trace is recorded on the usual 
type of recorder, providing amplitude and frequen- 
cy; it is channeled into two separate stages giving 
a trace for integration of the impulse and a trace 
for frequency analysis, respectively. 
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COMPUTERS 


THE METHOD OF CHARACTERISTICS FOR 
ROUTINE ELECTRONIC COMPUTER CALCULA- 
TION. R. D. Linnell. Convair Sci. Res. Lab. 
RN 3, Apr., 1957. 38 pp. Development of a high 
speed electronic computer program for routine 
calculation of supersonic flow about bodies of rev- 
olution by the method of characteristics. The e- 
quations to be solved numerically for plane and 
axial symmetric flow problems with or without 
rotation are given, and the computer logic and ad- 
dress system necessary for general bodies are 
included. The body-of-revolution problem is used 
to illustrate the procedure which can be used for 
nozzles, jets, airfoils,and inlets. 


UBER DIE PRAKTISCHE DURCHFUHRUNG 
VON RECHNERISCHEN FLATTERUNTERSUCHUN- 
GEN. Helmut Falkenheiner. ZFW, Feb., 1958, 
pp. 52-57. In German. Presentation of a block 
diagram showing the computational procedure in- 
volved in the study of the flutter behaviour of an 
aircraft. It is assumed that this investigation 
started at an early design stage and therefore can 
only be based on general arrangement drawings 
and calculated data. The assumptions are eventu- 
ally checked by model tests. Using the matrix 
form for the equations, computation rules are giv- 
en. for the matrices of the actual flutter equations, 
in particular for the mass, stiffness,and unsteady 
aerodynamic terms. It is concluded that it is ad- 
visable to change the order of the matrices through 
the different investigation stages so as to achieve 
a compromise between desired accuracy and toler- 
able computation effort. 


ELECTRONICS 


ON THE THEORY OF ANISOTROPIC OBSTA- 
CLES IN CAVITIES. Walter Hauser. Quart. J. 
Mech. & Appl. Math., Feb., 1958, pp. 112-118. 
USAF -Army-Navy-supported derivation of varia- 
tional expressions for the resonant frequencies of 
a cavity containing a material with tensor electro- 
magnetic properties. The relationship of the var- 
iational expressions to the Bethe-Schwinger per- 
turbation formula is shown and the advantage 
over it is discussed. 


FUELS & LUBRICANTS 


FRICTION STUDIES OF VARIOUS MATERIALS 
IN LIQUID NITROGEN. D. W. Wisander, W. F. 
Hady, and R. L. Johnson. US, NACA TN 421ll, 
Feb., 1958. 35 pp. 20 refs. Experimental inves- 
tigation at a sliding velocity of 2,300 feet per min- 
ute and a load of 1,000 grams using a hemisphere 
(3/16-in. radius) sliding on the flat surface of a 
rotating disc. Carbon, phenolic laminates, and 
graphite-filled Teflon are run against metals. Re- 
sults show that Teflon gives lower friction coeffi- 
cients (0.15) and wear than any of the other mate- 
rials studied, including rolling-contact-bearing 
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metals, mechanical-seal-type carbons, phenolic 


laminates, and acermet. Other filled Teflon 
.compositions give good results. 


ICE FORMATION & PREVENTION 


AERODYNAMIC EFFECTS CAUSED BY ICING 
OF AN UNSWEPT NACA 65A004 AIRFOIL. Appen- 
dix - EFFECT OF FLOW SEPARATION ON AER- 
ODYNAMIC CHARACTERISTICS OF AIRFOIL. 

V. H. Gray and U. H. von Glahn. US, NACA TN 
4155, Feb., 1958. 47 pp. 12 refs. Experimental 
investigation showing that the magnitude of the aer- 
odynamic penalties is primarily a function of the 
shape and size of the ice formation near the airfoil 
leading edge. The exact size and shape of the ice 
formations are determined photographically and it 
is found that they are complex functions of the oper- 
ating and icing conditions. At angles of attack less 
than 4° both rime and glaze-ice formations increase 
drag and reduce lift and diving moments. At an- 
gles of attack greater than 4°, drag coefficients 
increase with glaze-ice formations and decrease 
with rime ice; lift coefficients generally increase 
with glaze ice and are variably affected by rime 
ice; pitching-moment changes are rather erratic 
and depend on the ice shape. When the airfoil is 
iced at high angles of attack and rotated to lower 
angles, large negative pitching moments are obtain- 
ed. Ice formations on the airfoil have no signifi- 
cant effects on control surface hinge moments. 


MISSILES 


HISTORY OF GERMAN GUIDED MISSILES DE- 
VELOPMENT. (NATO AGARD First Guided Mis- 
siles Seminar, Munich, Apr., 1956.) NATO 
AGARDograph 20, 1957. Edited by Th. Benecke 
and A. W. Quick. Published for and on behalf of 
AGARD, NATO, by the Wissenschaftliche Gesell- 
schaft fir Luftfahrte.V. Braunschweig, Verlag 
E. Appelhans & Co., 1957. 419 pp. $7.50; 55s.; 
32 DM. The present AGARDograph contains the 
papers of the Munich Symposium which surveyed 
the extensive research and development work car- 
ried out in Germany prior to 1945. Illustrations 
and discussion are included. Partial Contents: 
Summary of German Developments in Guided Mis- 
siles, Th. Benecke. Contributions to the Guid- 
ance of Missiles, E. Fischel. Spoiler Control of 
Missiles, G. Ernst. Guided Missiles Radio Re- 
mote Control, J. Dantscher. Further Development 
of Remote Control Systems and the Remote Control 
of Air-to-Air Missiles, J. Dantscher. Summary 
of the Development of High-Frequency Homing De- 
vices, G. Giillner. Guidance of Surface-Air Mis- 
siles by Means of Radar, K. H. Schirrmacher. 
The Physical and Technical Development of Infra- 
red Homing Devices, E. W. Kutzscher. Some 
Special Problems of Power Plants, O. Lutz. The 
Design and Development of the Solid-Fuel Rocket 
and its Performance, H. Viillers. Development 
of Hydrogen Peroxide Rockets in Germany, H. 
Walter. The Development of the V-2 Rocket En- 
gine, M. Schilling. 
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UNA FORMULA ELOQUENTE DELLA MISSI- 
LISTICA. Pietro Formentini. Riv. Aero., Jan., 
1958, pp. 13-24. In Italian. Analysis of the me- 
chanics of missiles covering: basic laws, escape 
velocity, orbital velocity of an artificial satellite, 
specific impulse and specific power, characteris- 
tic velocity and synergic efficiency, as well asthe 
objectives and problems of spacial missiles. 


VERTICAL RE-ENTRY OF VERY LIGHT- 
WEIGHT BODIES INTO THE EARTH'S ATMOS- 
PHERE. R. D. Linnell. Convair Sci. Res. Lab. 
RN 9, Oct., 1957. 30 pp. Determination of the 
body velocity using rough approximations, an ana- 
lytical method, and numerical integration. It is 
found that the maximum deceleration increases 
linearly with increasing release altitude andoccurs 
at altitudes around 250,000 feet. Appreciable de- 
celerations occur even for release altitudes of the 
order of 10° feet. It is further found that the tem- 
perature of the thin external surfaces of light- 
weight bodies increases rapidly when the release 
altitude is increased. Extra material may be re- 
quired locally in the detailed design in order to 
reduce the surface temperature. 


HYPERSONIC FLIGHT AND THE RE-ENTRY 
PROBLEM (THE TWENTY-FIRST WRIGHT 
BROTHERS LECTURE). H. J. Allen. J. Aero. 
Sci., Apr., 1958, pp. 217-227; Discussion, pp. 
228, 229, 262. 19 refs. Investigation of three 
long-range, high-speed rocket vehicles - the bal- 
listic, glide, and skip rocket - and comparison of 
their optimum performance with one another as 
well as that of a typical supersonic airplane pow- 
ered by air-breathing engines. The ratio of initial 
to final ("empty") weight as well as the ratio of 
final weight to payload are discussed, and the rel- 
ative flight efficiency is estimated. Aerodynamic 
heating is investigated from a general point of view 
as well as its relation to the four rocket types, 
the aerodynamic loads, and stability. It is con- 
cluded that the ballistic vehicle compares very fa- 
vorably with the supersonic airplane for long range 
as well as short range flight, and that the glide 
rocket may also prove to be attractive, but not so 
the skip rocket, due to its severe coolant require- 
ments. New problems of hypersonic vehicles are 
also considered. 


A NOTE ON GODDARD'S PROBLEM. G. Leit- 
mann. Astronautica Acta, Fasc. 4, 1957, pp. 
237-240. Investigation showing that it is neces- 
sary to take into account the variation of burning 
time for "neighboring" trajectories, when consid- 
ering the classical problem of minimizing the ini- 
tial mass of a rocket required to reach specified 
altitude and velocity. 


NAVIGATION 


ANALYSIS OF AN INERTIAL GUIDANCE SYS- 
TEM. D. B. Duncan. Jet Propulsion, Feb. ,1958, 
pp. lll-116. Description of the characteristics of 
the system for a simplified guidance problem, e.g., 
navigation on a spherical nonrotating body. Error 
equations relating component performance to guid- 
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ance accuracy are derived, exhibiting 84 min. pe- 
riod oscillations which typify inertial systems. 


POWER PLANTS 


PROPULSION SYSTEMS FOR SPACE FLIGHT. 
R. B. Dillaway. (LAS 26th Annual Meeting, New 
York, Jan. 27-30, 1958.) Aero. Eng. Rev., Apr., 
1958, pp. 42--49, 52. 22 refs. Theoretical investiga- 
tion of possible space power plants with consider- 
ation of chemical, nuclear, and ion rocket systems. 
Typical engine configurations are examined as well 
as the design requirements imposed on these pro- 
pulsion systems by the peculiarity of the environ- 
ment and the mission for which they are intended. 
Differences and obvious parallels between the dif- 
ferent systems are brought out, and it is concluded 
that all systems discussed can,with suitable effort, 
probably be used to pursue the space mission con- 
sidered. 


RELATIVISTIC TREATMENT OF ROCKET 
KINEMATICS AND PROPULSION. P. F. von 
Handel and Herbert Knothe. USAF MDC TR 58-3 
[AD 135004], Jan., 1958. 83 pp. Mathematical 
investigation of general kinematics and the propul- 
sion of space vehicles within the framework of the 
special theory of relativity. The reception and 
expulsion of particles and photons by a space vehi- 
cle as well as their kinematic effects are exam- 
ined in detail. The optimization of the final veloci- 
ty of the vehicle is determined as a parametric 
function of the available energy and of the final 
mass (pay load). Illustrative numerical examples 
are presented, and it is concluded that it will not 
be possible to fly a vehicle into galactic space, the 
flight being restricted to the planetary space, due 
to basic physical laws. 


Jet & Turbine 


THEORETICAL ANALYSIS OF TOTAL-PRES- 
SURE LOSS AND AIRFLOW DISTRIBUTION FOR 
TUBULAR TURBOJET COMBUSTORS WITH 
CONSTANT ANNULUS AND LINER CROSS-SEC- 
TIONAL AREAS. Appendix A, B - INCOMPRESS- 
IBLE-FLOW CALCULATIONS FOR TUBULAR 
TURBOJET COMBUSTOR WITH CONSTANT AN- 
NULUS AND LINER CROSS-SECTIONAL AREAS. 
Appendix C - COMPRESSIBLE-FLOW CALCULA- 
TIONS FOR TUBULAR TURBOJET COMBUSTOR 
WITH CONSTANT ANNULUS AND LINER CROSS- 
SECTIONAL AREAS. Ch. C. Graves and J. S. 
Grobman. US, NACA RM E56104, Jan. 4, 1957. 
85 pp. 14 refs. Graphical presentation of data 
in terms of the following parameters: (1) combustor 
reference Mach Number, (2) ratio of combustor- 
exit-to-inlet total temperature, (3) fraction of total 
airflow passing through the liner dome, (4) An, T/ 
Ar, and (5) Ay,/Ay, where An, T is the total liner 
open hole area and A], and A, are the liner and 
combustor total cross-sectional areas, respective- 
ly. The calculations include the effects of heat 
release, annulus wall friction, and variation in 
discharge coefficients of the liner wall openings 
along the combustor. 
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SELF-EXCITED VIBRATION OF AXIAL-FLOW 
COMPRESSOR BLADES. Appendix I - DERIVA- 
TION OF EXPRESSIONS FOR CRITICAL VELOC- 
ITIES. Appendix II - INTERPRETATION OF DE- 
SIGN RULE. A. D. S. Carter and D. A. Kilpat- 
rick. (IME General Meeting, London, Dec. 7, 
1956.) IME Proc., No. 7, 1957, pp. 245-262; 
Discussion, pp. 262-277; Author's Reply, pp. 278 
281. 10 refs. Experimental investigation of the 
phenomenon, supplemented by a simple theoretical 
correlation attempt, as well as by single-stage 
work and by multi-stage full-scale tests. Both 
flutter and stall cell excitation are encountered 
and described. A semiempirical design rule is 
suggested, and its interpretation in terms of the 
normal blade design parameters is included. 


Rocket 


UBER FESTSTOFFRAKETEN, Ernst Mohr. 
(Deutsche Arbeitsgem. Racketentech. 5th Annual 
Meeting, Oldenburg, Sept. 28, 1957.) Weltraum- 
fahrt, Dec., 1957, pp. 111-116. In German. Out- 
line of the principles of charge construction, pres- 
entation of data for calorific values and thrust of 
some conventional propellants, and description of 
the thrust-producing mechanism in a typical rock- 
et configuration. Includes description of a two- 
stage, spin-stabilized meteorological sounding 
rocket as an example of solid propellant applica- 
tion and outline of a project for the construction of 
an ll-stage solid-propellant satellite rocket. 


ANALYSIS OF REGENERATIVE COOLING IN 
ROCKET THRUST CHAMBERS. L. E. Dean and 
L. A. Shurley. (ARS Semi-Annual Meeting, San 
Francisco, June 10-13, 1957.) Jet Propulsion, 
Feb., 1958, pp. 104-110. Discussion of the experi- 
mentally determined heat-transfer data obtained 
on JP-4 and RFNA under conditions simulating 
those which occur during thrust chamber operation. 
An electrical analogy technique is used to deter- 
mine the temperature and heat flux distribution 
because of the irregular shape of coolant passages. 
Using the experimental data for film coefficients 
and a two-dimensional electrical analog, the heat 
flux and temperature distribution within the walls 
of a tubular chamber cooled with JP-4 and within 
the walls of a drilled passage thrust chamber 
cooled with RFNA are obtained. 


PRODUCTION 


Metalworking 


MECHANICS OF ADHESIVE JOINTS. I - RE- 
SIDUAL STRESSES. II - STRESS DISTRIBUTION 
IN ADHESIVE LAYER UNDER TENSILE LOADING 
Yonosuke Kobatake and Yukihiko Inoue. Appl. Sci. 
Res., Sect. A, Nos. 1; 2-3, 1957;1958, pp. 53-64; 
100-108. Analysis of the thermal stress as repre- 
sentative residual stress which occurs during 
glueing operations. Reducing the problem of the 
thermal stress to one of boundary traction, the 
stress function of a rectangular plate with two par 
allel opposite edges glued to two rigid planes, re- 
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spectively, is solved and verified photoelastically. 
It is found that the disorderliness of stress distri- 
bution near the free edge, due to constrained con- 
traction, suddenly fades within a short distance 
from the edge, and beyond this region the stress 
distribution becomes rather normal. 


SAFETY 


ACCELERATIONS IN TRANSPORT-AIRPLANE 
CRASHES. Appendix - VARIATION OF CRASH- 
IMPACT FORCES NORMAL TO LONGITUDINAL 
AXIS WITH ANGLE OF IMPACT. G. M. Preston 
and G. J. Pesman. US, NACA TN 4158, Feb., 
1958. 76 pp. Experimental investigation with full- 
scale aircraft for the determination of the crash 
loads that result from a variety of crash events. 

It is shown that pressurized transport airplanes 
can withstand high-impact-angle crashes and still 
maintain survivable areas within the fuselage. Dur- 
ing unflared-landing crashes greater fuselage 
crashing occurred with high-wing than with low-wing 
aircraft. Normal accelerations exceeding human 
tolerance occur in crashes in which modest fuse- 
lage damage occurs. Within the structural range 
represented by the airplanes crashed, the configu- 
ration of the airplane has little effect on normal 
acceleration. 


SPACE TRAVEL 


COMMUNICATIONS AND NAVIGATION TECH- 
NIQUES OF INTERPLANETARY TRAVEL. P. A. 
Castruccio. IRE Trans., ANE Ser., Dec., 1957, 
pp. 216-223. Discussion of the following problems: 
navigation techniques involving the determination 
of the ship's position and direction of travel, ship- 
to base, and ship-to-ship communications as well 
as anticollision means. Specially considered is 
the problem of increasing the communication range. 


EFFECT OF AIR DRAG ON ELLIPTIC SATEL- 
LITE ORBITS. R. E. Roberson. (ARS Semi-An- 
nual Meeting, San Francisco, June 10-13, 1957.) 
Jet Propulsion, Feb., 1958, pp. 90-96. Determi- 
nation of simple approximate expressions for the 
decay of eccentricity with radius, the decay of ra- 
dius with true anomaly, and the growth of true a- 
nomaly with time, using the parameters variation 
and the Krylov-Bogoliuboff approximation. The 
special case of spiral orbits and the effect of 
asphericity and rotation of the earth's atmospheric 
shell are discussed. 


THE EFFECT OF THE EARTH'S OBLATENESS 
ON THE ORBIT OF A NEAR SATELLITE. Appen- 
dix - SOLUTION OF THE EQUATIONS OF MOTION 
OF A SATELLITE OVER OBLATE EARTH IN VA--> 
CuO, FOR ORBITS OF SMALL ECCENTRICITY. 
D. G. King-Hele and D. M. C. Gilmore. Gt. Brit., 
RAE TN G.W.475, Oct., 1957. 67 pp. 15 refs. 
Presentation of analytical solutions for the equa- 
tions of motion of a satellite in an orbit over anob- 
late earth vacuum, obtained by a perturbation me- 
thod. It is shown that the earth's oblateness has 
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four main effects on the motion: the orbital plane 
rotates, instead of remaining fixed about the 
earth's axis, in the opposite sense to the satellite, 
at a rate of about 8 cos « degrees per day, where 
« is the inclination of the orbital plane to the e- 
quatorial plane; the period of revolution of the sat- 
ellite is greater for an inclined orbit, the radial 
distance r from the earth's center changes, and 
the major axis of the orbit rotates in the orbital 
plane at a rate of about 4(5 cos“ « - 1) degrees per 
day. 


ON DETERMINING THE ORIENTATION OF A 
CYLINDRICAL ARTIFICIAL EARTH-SATELLITE. 
R. J. Davis, R. C. Wells, and F. L. Whipple. 
Astronautica Acta, Fasc.4, 1957, pp. 231-236. Pre- 


sentation of amethod for determining the satellite 
orientation, assuming that it is tumbling very slow- 
ly, one half of its surface being a diffuse and the 
other half a specular reflector. The procedure 
consists in observing the flash from the specularly 
reflecting surface and is based on purely geomet- 
rical considerations, neglecting diffraction, dete- 
rioration of the specular surface, and atmospheric 
absorption and diffraction. 


STRUCTURES 


PEWNA METODA OBLICZANIA KONSTRUKCJI 
SEGMENTOWYCH STATYCZNIE NIEWYZNA- 
CZALNYCH. Stanislaw Lukasiewicz. Arch. 
Budowy Maszyn, No. 4, 1957, pp. 427-457. In 
Polish, with summaries in English and Russian. 
Discussion of a method for calculating statically 
indeterminable segmented constructions without 
being forced to solve a system of differential e- 
quations. The method permits the evaluation of 
internal forces, both for infinitely rigid and flexible 
transverse elements. Statically indeterminable 
forces in a construction consisting of identical 
segments are defined and presented in the form of 
a finite formula. 


Cylinders & Shells 


SYMMETRIC BENDING OF SHALLOW SHELLS 
OF REVOLUTION. Eric Reissner. J. Math. & 
Mech., Mar., 1958, pp. 121-140. ONR-supported 
analysis which assumes a more general system of 
stress-strain relations than is usually done in 
shell theory, and the reduction of this system to 
two second-order nonlinear differential equations. 
Two problems are considered, the first being the 
edge effect in shallow shells subject to internal 
pressure, and the second being the effect of uni- 
form surface pressure in accordance with linear 
theory with the assumption of different elastic be- 
havior in meridional and circumferential direction. 
Explicit results are obtained in the latter case for 
two classes of orthotropic stiffness assumptions for 
which the differential equations of the problem can 
be solved in terms of Bessel functions. 


CREEP BUCKLING OF CYLINDRICAL SHELLS. 
Erik Sundstrém. Acta Polytechnica, No. 5 (230), 
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1957. 3l pp. Determination of the critical buckling 
time of a cylindrical shell made of a material o- 
beying the Norton creep formula and subjected to 
external pressure. Nonlinear power laws are 
assumed to hold for primary and secondary creep, 
and the effect of axial forces is included. Condi- 
tions at the center part of the shell are shown to 
determine the lifetime, whereas end conditions have 
little influence. A trigonometric series is assumed 
for the deflection, and diagrams and tables of the 
stress distribution and lifetime are given. 


PROPAGATION OF NONAXIALLY SYMMETRIC 
WAVES IN ELASTIC CYLINDRIGAL SHELLS. 
R. M. Cooper and P. M. Naghdi. ASA J., Dec., 
1957, pp. 1,365-1,373. 13 refs. ONR-sponsored 
prediction of phase velocities and amplitude ratios 
for nonaxially symmetric as well as purely tor- 
sional propagation of elastic waves, using previous - 
ly derived equations of motion. The predictions 
of the two systems of equations are compared and 
the conclusions specified. 


SOME CHARACTERISTICS OF THE FLEXURAL 
VIBRATIONS OF ORTHOGONALLY STIFFENED 
CYLINDRICAL SHELLS. W. H. Hoppmann II. 

ASA J., Jan., 1958, pp. 77-82. 10 refs. Review 
of a theoretical study of shells, and presentation 
of frequency equations and of an experimental 
method for verifying the theory. Experimental fre- 
quencies for anisotropic shellas well as two different 
designs of orthogonally stiffened shells are given 
in tables, and the experimental and corresponding 
theoretical results are discussed. It is shownthat 
a peculiar dip in the frequency spectrum discover- 
ed by Arnold and Warburton for uniform isotropic 
shells exists theoretically, and it is verified for 
stiffened shells. It is further shown that there is 

a bias in the excitability of the modes of vibration, 
as determined: experimentally. 


Elasticity & Plasticity 


HYPO-ELASTIC POTENTIALS. J. L. Erick- 
sen. Quart. J. Mech. & Appl. Math., Feb.,1958, 
pp. 67-72. 15 refs. Derivation of conditions nec- 
essary and sufficient for a scalar potential of 
some hypo-elastic materials which is analogous 
to the elastic potential or strain energy function 
of the elasticity theory. 


ON THE PHENOMENA OF CRACK FORMATION 
AND PROPAGATION. W. Olszak. Acad. Pol. 
Sci. Bul., No. 6, 1957, pp. 377-387. 12 refs. 
Study of the elastic and plastic stress variations 
in the neighborhood of a crack,using two methods: 
the first is based on the assumption of the elastic- 
ity theory, introducing appropriate strength criter- 
ia, the second considers the problem as a problem 
of plasticity. These considerations are generaliz- 
ed to elastically and plastically nonhomogeneous 
bodies. A crack theory is developed explaining 
fairly well certain phenomena observed during 
crack experiments and enabling an approximate 
prediction of crack formation and propagation 
mechanisms to be formulated. 
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NIEKTORE ZAGADNIENIA TEORII OBCIAGA- 
NIA POWLOK CYLINDRYCZNYCH. Wojciech 
Szczepinski. Arch. Budowy Maszyn, No. 4, 1957, 
pp. 459-479. In Polish, with summaries in Eng- 
lish and Russian. Discussion of some problems 
in the theory of stretch-forming of sheets. The 
stress-distribution problem is solved using the e- 
quations of balance or the plasticity condition. As 
a boundary condition the tangent and normal stress- 
es on the external contour equal to zero are con- 
sidered. The solution for a cylindrical strech- 
forming is given first. It is shown that if the sheet 
thickness is less than 0.1 R (R= curvature radius 
of the tool-body) the values of the sheet pressure 
can be calculated approximately. The problem is 
also solved for some other cases in which a solu- 
tion can be obtained in a closed form. 


Plates 


THE PROBLEM OF LARGE DEFLECTIONS 
OF ORTHOTROPIC PLATES. Tadeusz Iwinski 
and Jerzy Nowinski. Arch. Mech. Stosowanej, 
No. 5, 1957, pp. 593-603. Extension of Berger's 
method for isotropic plates to the calculation of 
the deflection of orthotropic plates. Previously 
obtained solutions for a circular plate uniformly 
loaded are compared for the particular value k = 
1/3 of the coefficient of orthotropy with another 
approximate solution obtained during the present 
investigation by means of the pseudo-energy equa- 
tion. The two solutions prove to be relatively near 
each other; however, using for comparison the 
accuracy obtained by Berger for an isotropic plate, 
the solution obtained by rejecting the middle plane 
e€2 is probably more accurate. 


MIXED BOUNDARY VALUE PROBLEMS FOR 
RECTILINEAR [Multilateral] PLATES. G. A. 
Mariboli. Arch. Mech. Stosowanej, No. 5, 1957, 
pp. 507-524. Theoretical investigation of triangu- 
lar plates with the following type of mixed condi- 
tion: one edge (wholly or part! | clamped and the 
other two simply supported. ‘":e solution is re- 
presented in an integral form by superposition of 
two systems: (a) a basic system, i.e., a plate un 
der uniform load with all edges simply supported 
and (b) a system with clamping taken into account. 
It is shown that the moment at the clamped edge 
occurs as the unknown quantity in the integrand 
and is obtained from the boundary condition at the 
clamped part. 


CHARTS RELATING THE COMPRESSIVE AND 
SHEAR BUCKLING STRESSES OF LONGITUDI- 
NALLY SUPPORTED PLATES TO THE EFFEC- 
TIVE DEFLECTIONAL STIFFNESS OF THE SUP- 
PORTS. A. E. Johnson, Jr. US, NACA TN 4188, 
Feb., 1958. 42 pp. Analysis of the stability of 
long flat rectangular plates assuming simply sup- 
ported plate edges as well as plates supported 
along one or two intermediate longitudinal lines by 
lines of deflectional springs (elastic line supports). 
The results are presented in the form of charts 
useful in the determination of the buckling load of. 
plates stiffened by stringers or webs. 
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Thermal Stress 


TWO STEADY-STATE THERMOELASTIC 
PROBLEMS. Witold Nowacki. Arch. Mech. 
Stosowanej, No. 5, 1957, pp. 579-592. Determi- 
nation of the state of stress in an elastic space 
and semispace due to a temperature field. The 
difference between the two problems considered 
is that of thermal boundary conditions in the z = 0 
plane. The solution obtained for the elastic space 
serves for the construction of the more complex 
problem — that of determining the stress state in 
the elastic semispace free from stress in the 
z = 0 plane. 


STAN NAPREZEN WYWOLANY W POLPRZE- 
STRZENI SPREZYSTEJ DZIALANIEM CHWILO- 
WEGO ZRODLA CIEPLA. Witold Nowacki. Arch. 
Budowy Maszyn, No. 4, 1957, pp. 413-425. In 
Polish, with summaries in English and Russian. 
Study of the stress distribution in an elastic half- 
space caused by an instantaneous heat source in 
the plane bounding the elastic half-space. The 
problem is considered as a quasistatic one, and 
the stress distribution in the elastic half-space 
thermally insulated in the bounding plane as well 
as in the case of a constant temperature T = 0 
(in the plane) is taken into account. The stress 
distribution of an unbounded elastic space is deter- 
mined using the potential of the thermoelastic dis- 
placement connected with the temperature field, 
and its final components are obtained by means of 
Loves's function. It is shown that these com- 
ponents satisfy any boundary condition in the plane 
z=0. 


SOME EFFECTS OF KINETIC HEATING ON 
THE STIFFNESS OF THIN WINGS. Il. S. L. 
Kochanski and J. H. Argyris. Aircraft Eng., 
Feb., 1958, pp. 32-40. Investigation of the effects 
of large spanwise curvature and rate of twist on 
the distortion of the cross section when thermal 
stresses are present. The moment-curvature and 
the torque-rate of nonlinear twist relationships are 
established, and it is shown that large deforma-, 
tions give rise to a pronounced coupling between 
twisting and bending modes. Also derived are the 
practically important instantaneous (tangent) and 
overall (secant) stiffnesses, both for bending and 
torsion. Twocross sections are analyzed in de- 
tail: the uniform flat plate and the symmetrical 
double wedge. For the flat plate an exact theory 
is given. The double-wedge investigation is only 
approximate but it is sufficiently accurate for en- 
gineering purposes. A number of graphs illus- 
trate the main results of the analysis. 


THE EFFECTS OF KINETIC HEATING ON 
.AIRCRAFT STRUCTURES. A. W. Kitchenside. 
RAeS J., Feb., 1958, pp. 105-117. 33 refs. Dis- 
cussion on the generation of heat within the bound- 
ary layer, together with the fundamentals of heat 
transfer to and within the structure. The effects 
of temperature and temperature gradient upon the 
structure are then analyzed. Some methods for 
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alleviating the problems introduced are reviewed, 
and finally design requirements are considered. 


THERMODYNAMICS 


Combustion 


MEASUREMENT OF DETONATION INDUCTION 
DISTANCES IN HYDROGEN-OXYGEN AND ACET- 
YLENE-OXIGEN-NITROGEN MIXTURES AT NOR- 
MAL AND ELEVATED INITIAL PRESSURES AND 
TEMPERATURES. L. E. Bollinger and Rudolph 
Edse. USAF WADC TR 57-414 [AD 130874], June, 
1957. 88 pp. 10 refs. Experimental investigation 
which indicates that predetonation length decreases 
with increasing initial pressure for all fuel concen- 
trations investigated. The induction distance is 
reduced from 61 cm. at one atmos. to five cm. at 
25 atmos., for a 60% fuel mixture when the initial 
temperature is 100°F. Increasing the initial tem- 
perature 200°C. lengthens the distance required 
to establish a detonation. However, at 10 atmos. 
pressure the induction distance is practically inde- 
pendent of initial temperature for fuel concentra- 
tions between 50% and stoichimetric proportions. 


Heat Transfer 


THE EFFECT OF A VERTICAL LAPSE RATE 
OF TEMPERATURE ON THE SPIRAL FLOW OF 
A FLUID IN A HEATED ROTATING CYLINDER. 
G. N. Lance. J. Fluid Mech., Feb., 1958, pp. 
523-530. Theoretical investigation of a viscous 
fluid contained in a rotating cylinder heated from 
below. Previous work had assumed that the con- 
vective terms in the heat transfer equation were 
negligible, but in the present treatment one of the 
convective terms is included. The results confirm 
the physical reasoning that, when a lapse rate is 
positive, the stability is increased and the motion 
is therefore decreased. 


WIND TUNNELS & RESEARCH FACILITIES 


FLOW IN SHOCK TUBES WITH AREA CHANGE 
AT THE DIAPHRAGM SECTION. R. A. Alpher 
and D. R. White. J. Fluid Mech., Feb., 1958, 
pp. 457-470. 13 refs. Theoretical and experi- 
mental studies of the effects on shock tube flows 
of a monotonic convergence at the diaphragm sec- 
tion. Systematic flow equations are developed for 
tubes having either a monotonic convergence or a 
convergence-divergence in the diagraphragm sec- 
tion. Except across the shock front itself, isen- 
tropic processes and ideal gas behavior have been 
assumed. Simplified procedures are presented 
for predicting the ideal-flow parameters over a 
wide range of operating conditions, as well as for 
comparing straight and convergent tubes. Such 
comparisons made by other investigators are found 
to be incomplete or in error. The experiments 
described utilize a very simple device for altering 
the diaphragm section convergence and for multi- 
station measurement of shock velocity. The expect 
ed effect of convergence is verified over a wide 
range of Mach Numbers. 
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The World’s 
most efficient 


ANOTHER FIRST BY CANADIAN_APPLIED RESEARCH LTD. 


Detection 
System... 


You are looking at the most efficient ice detection 
system yet developed—the Type T260 dual probe 
detector. Here is a 1°%/,-pound, sealed package unit 
that either warns the pilot of icing conditions long 
before he can see ice forming, or automatically controls 
his ice shedding system—depending on the application 
of the 28 volt output pulse. 

Engineered and manufactured by Canadian Applied 
Research Limited, under license from the National 
Research Council of Canada, the detection and refer- 
ence probes and associated pressure switch are con- 
tained in a sealed unit, eliminating inter-connecting 
pneumatic tubing and reducing electrical cable require- 
ments. Operationally proven by the RCAF and now 
standard equipment on the Avro CF-100 and its Orenda 
jet engines, the ice detection system is now available to 
private and commercial aircraft operators. Write us 
for literature and quotations. 


Specifications: 
Size x x 52%” 
Probes — 3”. long, diameter 
Weight — 1% pounds 
Power — 28 volts, 15 amps. Intermittent 


(formerly PSC Applied Research Limited) 
1500 O’CONNOR?D 
TORONTO 16, ONTARIOS CANADA 
PLYMOUTH 5-3371 


MEMBER: A, V. ROE CANADA LIMITED & 


Canadian Applied Research Limited 


¥ 
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coefficients in the study covering stability of 
undisturbed motions of a dynamic system. 


O Filattere Tsilindricheskikh Obolochek i 
Panelei, Dvizhushchikhsia v Potoke Gaza. R. D 
Stepanov. Prikl. Mat. i Mekh., Sept.-Oct 
1957, pp. 644-657. In Russian. Investigation 
of flutter of cylindrical shells and panels moving 
in a gas stream. The equations of shells are as 
sumed in the form of the general Vlasov theory 
Aerodynamic forces acting on the shell are taken 
into account only as forces of the excessive pres 
sure according to Iliushin’s formula. 

Lopatki, Dvizhushcheisia v Gaze. 

A. Movchan. Prikl. Mat. i Mekh., Sept.-Oct 
1957, pp. 700-706. In Russian. Investigation 
of the stability of a thin rectangular panel of 
constant thickness with two simply supported 
and two free edges moving in a gas at high super 
sonic speeds. 


The Influence of Viscosity Damping on the 
Form of the Trajectories of Free Vibration. 
Stefan Ziemba. Arch. Mech. Stosowanej, No. 4 
1957, pp. 487-504. Discussion in terms of the 
alternating character of the motion, i.e., the 
number of zeros of the differential equation of 
vibration, assuming linear elastic characteristics 

Nuere Methoden und Ergebnisse auf dem 
Gebiet nichtlinearer Schwingungen. K. Klotter 
VDI Zeitschrift, Jan. 11, 1958, pp. 47, 48. In 
German. Analysis of the mathematical treat 
ment of nonlinear oscillation problems and evalua 
tion of methods leading to approximate solutions 
These are: more or less classical methods; meth- 
ods using the parameter-variation principle; 
methods reducing the dynamic problem to a geo 
metric (topological) problem; and methods 
based on the variational calculus. 


Ustoichivost’ po Lineinomu Priblizheniiu 
Periodicheskogo Resheniia Sistemy Dif- 
ferentsial’nykh Uravnenii s Razryynymi Pravymi 
Chastiami. M. A. Aizerman and F. R. Gant 
makher. Prikl. Mat. i Mekh., Sept.-Oct., 1957 
pp. 658-669. In Russian. ‘Stability analysis 
according to the linear approximation of the 
periodic solution of a system of differential 
equations with discontinuous right parts. 


Calculul Dinamic al Cadrelor Elastice pe Baza 
Principiului Conservarii Energiei. Mihail Ifrim 
Stud. Cerc. Mec. Aplic., No. 2, 1957, pp. 393-406 
In Rumanian, with summaries in English and 
Russian. Presentation of the dynamic calculus 
of elastic frames on the basis of the law of con 
servation of energy. 


Subsonic Lift Response to Penetration of a 
Sharp-Edged Gust Moving at Supersonic Speed. 
E. Krasnoff. J. Aero. Sct., Mar., 1958, pp. 214 
215. Calculations using linearized airfoil theory 
and carried out for periods of time somewhat ex 
ceeding the time required for the airfoil to be 
completely immersed in the uniform gust field 
Both head-on and tail-on (gust front overtaking 
the airfoil) orientations are considered, and the 
general results are specialized to the case of 
infinite gust front velocity. 


Aeronautics, General 


Dix Ans d’Aviation Francaise 1947—1957. 
Marcel Riffard. Fusées, May, 1957, pp. 109-118 
In French. Survey of the French aircraft indus 
tries for the period 1947-1957 


Aeronautics in 1957. The Engr., Jan. 3, 1958, 
pp. 25-27. Review of aeronautic developments 
in Great Britain during the year 1957. 


Les Méthodes Scientifiques dans les Tech- 
niques Modernes: Quelques Ecueils. Pierre 
Vernotte. France, Min. del’ Air NT 70,1957. 61 
pp. SDIT, 2 Av. Porte-d’Issy, Paris 15, Frs. 700 
In French. Philosophical examination of the 
use of higher mathematical techniques and con 
cepts, such as order-disorder and theory of chance, 
with a warning to aeronautical engineers pointing 
out the dangerous aspects. 


Special Issue: 1958 Buyers’ Guide Edition. 
Av. Week, Mid-Dec., 1957. 556 pp. Comprehen- 
sive alphabetical listings of aircraft, missiles, 
avionics, supporting equipment, and air line and 
airport equipment. 


I Problemi della Industria Aeronautica, Atomi- 
ca, Missilistica ed Elettronica Trattati dall’- 
Onorevole di Bella in Sede di Discussione sul 
Bilancio dell’Industria e Commercio. CAAI N 
20, Nov., 1957, pp. 7-9. In Italian. Evaluation 
of industrial problems covering aeronautics, nu- 
clear energy, missiles, and electronics. 


Air Transportation 


Air Traffic Demand of Decade: 1953—1963. 
A. D’Arcy Harvey. IAS 26th Annual “7 
New York, Jan. 27-30, Preprint790. 7 pp 
Members, $0.35; nonmembers, $0.75. Review of 
socio/economic factors controlling the volume of 
air traffic between communities, and presentation 
of certain indices which can be used as a guide in 
predicting further growth. 


The Regulatory Problems of Jet Aircraft. 
Oscar Bakke. JAS 26th Annual Méeting, New 
York, Jan. 27-30, 1958, Preprint 829. 7 pp 
Members, $0.35; nonmembers, $0.75. Discus- 
sion of some aspects of the regulatory problems to 
be faced by CAB in the coming jet age. 
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The Development of the Air Route Structure 
and Separation Standards. Lee E. Warren. 
[AS 26th Annual Meeting, New York, Jan. 27-30, 
1958, Preprint 799. 7 pp. Members, $0.35; 
nonmembers, $0.75. Brief look at the controlled 
airway systems of the past, the present, and the 
near future, and how the ATC procedures apply 
to them 


Airplane Design 


Arado 234 Blitz, ein Spitzenerzeugnis des 
deutschen Flugzeugbaues. Fiugwelt, Jan., 1958, 
pp. 50, 51, cutway drawing. In German De- 
sign and description of the German Arado 234 
Blitz aircraft. 

The Lockheed Electra. The Aeroplane, Dec. 
27, 1957, pp. 950, 951. Discussion of design de- 
velopment; aerodynamic, performance, and struc- 
tural characteristics; systems; power plants; 
and interior of a turboprop transport 

Light Turbojets Save Weight on T-38. Av 
Week, Jan. 13, 1958, pp. 50-53. Design and 
structural details of the Northrop supersonic 
trainer. 

Boeing Seeks to Lead Jet Age Market with 
707s. Richard Sweeney. Av. Week, Jan. 20, 
1958, pp. 48-67. Discussion of design dev elop- 
ment, performance and structural characteristics, 
systems, production techniques, and maintenance 
requirements of Boeing jet transport series 


I—Bréguet 1001 Taon. IIl—Dassault ‘‘Eten- 
dard.”’ IlI—Fiat G-91. IV—Sud-Aviation 
‘*Baroudeur.’’ Air Revue, Nov., 1957, pp. 571- 
585 In French. Design and description of the 
Bréguet 1001 Taon, Dassault Etendard, Fiat G- 
91, and Sud-Aviation Baroudeur 

Ustalostnaia Prochnost’ Transportnogo Samo- 
leta. R. Sakach. Grazhdanskaia Arviatsiia, 
Nov., 1957, pp. 14-16. In Russian Discussion 
of structural fatigue in transport aircraft. 

Jakovlev Jak-25 ‘‘Flashlight’’. Gert W. Heu- 
mann. Flug-Revue, Jan., 1958, p. 20. In Ger- 
man. Brief description of the Soviet Jakovlev 
Jak-25 “‘Flashlight’’ fighter 

Fokker F-27 Friendship Mittelstrecken-, Kurz- 
strecken- und Frachter. Fiug 

elt, Nov., 1957, pp. 819-822. In German 
Bri ef survey of ios iet transport aircraft with data 
on wartime and postwar types 


Technische Mijlpalen van een Halve Eeuw. 

via Vliegwereld, Oct. 19, 1957, pp. 619-623. In 
Dutch. Survey of aircraft developments between 
1907 and 1957. Includes drawings of various 
aircraft types. 


Refrigeration for the Vanguard. A. W. Gregg 
The Aeroplane, Dec. 20, 1957, pp. 929-931 
Description of the vapor cycle cooling system, 
including its schematic layout. 


Upward-Sliding Doors Found Best for 880. 
Clark Kerr, Jr. Av. Age, Jan., 1958, pp. 120-125. 
Discussion of the development of a plug-type, 
side-hinged, upward sliding door. 


An Undercarriage in Ultra-High Tensile Steel. 
Il. G.F. W. McCaffrey. (CAI Annual Meeting, 
Ottawa, May 27, 28, 1957, Preprint 712.) Ind 
Aeronautics, Dec., 1957, pp. 22-24. 


Britannia in Service. A. E. Russell The 
Aeroplane, Dec. 13, 1957, pp. 867-870. Abridged. 
Review of the problems encountered in the de- 
velopment flight testing of the Bristol transport. 


Airports 


Revétements de Sols en Beton Précontraint. 
Pierre-D. Cot. Fusées, Dec., 1956, pp. 239-252. 
In French. Evaluation of prestressed concrete 
runways, including results of load tests. 


Aviation Medicine 


Cybernetics in Human Flight. G. T. Hauty 
IAS 26th Annual Meeting, New York, Jan. 27-30, 
1958, Preprint 798. 5 pp. Members, $0.35; 
nonmembers, $0.75. Discussion of two limita 
tions determining the reliability of the human 
component. 


Feasibility Study of Organic Peroxide Detector 
and Analyzer. Paul Sigal USAF WADC TR 
56-565 [AD 110522], Nov., 1956. 33 pp. 65 
refs. Review of the literature and a feasibility 
study of the design of an organic peroxide detec- 
tor and analyzer. Several methods are enumer- 
ated, and the sensitivity, limits of accuracy, appli- 
cability to problem at hand, and feasibility of in 
strument incorporation for each of the methods 
are presented. 


The Environment of Space in Human Flight. 
Charles A. Berry. (JAS 26th Annual Meeting, 
New York, Jan. 27-30, 1958, Preprint 796.) 

ro Eng. Rev., Mar., 1958, pp. 35-38, 60. Dis 
cussion defining ‘‘space’’ as an environment for 
man and indicating that present day operations 
are carried on in ‘‘space’’ as far as man’s physiol- 
ogy is concerned. 

Interrelations of Space Medicine with Other 
Fields of Science. Hubertus Strughold. JAS 
26th Annual Meeting, New York, Jan. 27-30, 
1958, Preprint 819. 6 pp. Members, $0.35; 
nonmembers, $0.75. Brief review of the medicine 
in general, including space medicine. Includes 


discussion of space as an environment per se; 
the process of movement to, through, and return 
from this environment; and the time factor in- 
volved in space operation. 


Supersonic and Hypersonic Human Flight. 
J. E. Ward, S. J. Gerathewohl, and G. R. Stein 


kamp. JAS 26th Annual Meeting, New York, Jan 
27-30, 1958, Preprint 797. 10 pp. 24 refs 
Members, $0.35; nonmembers, $0.75. Discus 


sion of human factors involved in flight at extreme 
speeds. 

Investigacié6n Geofisica y Biolégica a Altitudes 
Extremas. Estudios de la Alta Atmésfera con 
Vehiculos Cohetes. Il—Investigacién Biolégica - 
Supervivencia del Hombre en el Espacio. Fred 
erick I. Ordway, III. Asoc. Argent. Interplan. 
Rev., Apr.-June; July-Dec., 1957, pp. 1-21; 1- 
23. 228refs. In Spanish. Survey of investiga- 
tions of the geophysical and biological aspects of 
the upper atmosphere, including meteorological 
data and data on rocket research vehicles. 

Aspects Physiologiques du Probléme Anticolli- 
sion en l’Air. Perdriel. (Congrés Internatl. Inst 
Francais Navigation, London, June 5-6, 1957.) 
Navigation (Paris), Oct., 1957, pp. 315-323. In 
French. Discussion of physiological aspects of 
the problem of anticollision maneuvers. 

Hearing of Naval Aircraft Maintenance Per- 
sonnel. W. Dixon Ward. ASA J., Dec., 1957, 
pp. 1,289-1,301 18 refs. ONR-supported pres- 
entation of audiograms obtained on 1,200 naval 
enlisted men, showing that gunfire is probably the 
main cause of hearing loss 


Hearing Loss Among Air Force Flight-Line 


Personnel. Le nn art L. Kopra. ASA J., Dec., 
1957, pp. 1,277-1,283. USAF-supported _re- 
search. 


Catapults 


La Catapulte Latécoére 768. M. Gaillard 
Tech. et Sct. Aéronautiques, Oct., 1957, pp. 169- 
174 In French Description of the design and 
operation of the catapult Latécoére 768 


Computers 


How Computers Speed eaten Design. 
Robert F. Mawhinney. Av. Week, Jan. 6, 1958, 
pp. 64-74. Presentation of a ae wih scheme using 
a digital computer which considers aerodynamic, 
power-plant, weight and structural design as- 
pects. 

Inl&turarea Efectului Datorit Inertiei Egaliza- 
Torului de Potential in M&surarea Cimpului Elec- 
tric Terestru. Alex Grigoriu. Bul. Stiint. Sect 
Stiint Mat. Fiz., Jan.-Mar., 1957, pp. 201-207. In 
Rumanian, with summaries in Russian and 
French. Description of the electronic computer 
CIFA-1 used by the Institute of Physics of the 
Rumanian Academy. 

Réalisations et Perspectives en Matiére 
d’Ordinateurs. René Rind. (Congrés Internatl 
Fusées & Engins-Guidés, Paris, Dec. 3-8, 1956.) 
Fusées, May, 1957, pp. 155-160. In French 
Discussion of the design and performance charac- 
teristics of IBM computers. 

Analiz Blok-Skhem Tsifrovykh Elektronnykh 
Mashin Posledovatel’nogo Deistviia. A. Mikhai- 
lov. Avtom. i Telemekh., Dec., 1957, pp. 1,109- 
1,119. In Russian. Analysis covering the use of 
working time and structural elements in series 
electronic digital computers. 


New Data-Handling System Uses a Digital 
Potentiometer. Saul Meyer and Marvin Blynn 
Instruments & Automation, Dec., 1957, pp. 2,270- 
2,272. Description of the general characteristics 
and performance of the digital potentiometer. 


A Detailed Coding Programme for DEUCE. 
P. A. Samet. Gt. Brit... RAE TN M.S.37, Aug., 
1957. 19 pp. Presentation of programing steps 
which include: (1) making up a logical structure 
of the program; (2) breaking down this logical 
structure into separate instructions in their cor- 
rect sequence; (3) allocation of storage space for 
the instructions; (4) detailed coding of the 
instructions; and (5) punching these coded in- 
structions in binary on instruction cards. 


A Simplified Coding System for DEUCE. 
K. N. Dodd. Gt. Brit., RAE TN M.S.39, Sept., 
1957. 8 pp. 

Some Graphical Soqonesiees to Coding Prob- 
lems. Jacques Dutka. RCA Rev., Dec., 1957, 
pp. 466-474. Presentation ot some methods for 
constructing error-detecting and error-correcting 
codes, and discussion of their geometrical inter- 
pretations including some illustrative examples. 


Education & Training 


Industry and Education. I—Engineering Edu- 
cation for the Aircraft Industry. Charles S 
Draper. II—What Industry Needs from En- 
gieeccing Education. Richard G. Bowman 

II—What Engineering Education Needs from 
Industry. Glenn Murphy. [IAS 26th Annual 
Meeting, New York, Jan. 27-30, 1958, Preprint 
825. 13 pp. Members, $0.50; nonmembers, 
$0.85. 


Ways of Improving the Accuracy of Level 
Bombing. S. S Murav’ yev. Vestnik Vosdush- 
nogo Flota, No. 1, 1957, pp. 21-28. Translation. 
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The RW-300 

is the first 

digital computer 
for test control 
and data reduction 
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- Now-—at the test site—completely automatic test control and data 
bed reduction can be handled by a single system incorporating the 
in- Ramo-Wooldridge RW-300 Digital Control Computer. The new RW-300 
- can schedule and closely control test routines, and it can collect, 
apt., analyze, and record test data. 
rob- The versatile RW-300 utilizes input data as feedback to modify control 
"a actions, thus substantially shortening many test routines. In addition, the 
ting RW-300 directly logs both instrument data and complex relationships 
. ‘ ° among these data. Thus, test results are available immediately. The 
i time-consuming task of processing raw data through a separate computer, 
often remote from the test facility, usually can be eliminated. 
Edu- 
7 For technical information on automatic test control and data reduction 
be 


with the RW-300 and with special digital systems which utilize solid-state 
components exclusively, write: Director of Marketing, The 
Thompson-Ramo-Wooldridge Products Company, P.O. Box 45607, 
Airport Station, Los Angeles 45, California, or call OSborne 5-4601. 
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High Accuracy og 
Mach Information as 
in the 


GIANNINI MODEL 451212, 
PRESSURE TRANSDUCER 


Fast, accurate Mach information is supplied from two 
Giannini Model 451212 Pressure Transducers for con- SPECIFICATIONS 
trol purposes in the new Douglas DC-8 jet-liner. This RESOLUTION: to 2000 wires 


is critically important information for a passenger ACCURACY: Within 1% of 


transport that will operate in the transonic range at reading 
40,000 feet RANGE: 0-10 to 0-50 psi 

(absolute, differential, 
The high resistive output of the transducers, which are or gage) 


accurate to within 1% of reading, eliminates the need Meets appropriate 


for a computing servo... greatly simplifying the instru- MIL-SPECS. 
mentation. 
Giannini measures & controls: eaccicoon | 
INSTRUMENTS 


AND CONTROLS 


| 
G. M. GIANNINI & CO., INC., 918 EAST GREEN STREET, PASADENA, CALIF. | 
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Electronics 


State of the Art Report. James Holahan 
Av. Age, Jan., 1958, pp. 30, 31, 33-37. Survey 
of problems in components, transistors, tubes 
packaging, guidance, automatic production, and 
radar. 

West Europe’s Electronics Industry: Small 
But Dynamic. Irwin Stambler. Av. Age, Jan 
1958, pp. 24-29 

The Successful Operation of Radio and Radar 
Systems. I. A. Globus Vestnik Vozdushnogo 
Flota, No. 3, 1957, pp. 65-72. Discussion of the 
operation of electronic systems, with an analysis 
of several special problems 


Perekhodnye i Ustanovivshiesia Protsessy v 
Impul’snykh Sistemakh s Peremennymi Para- 
metrami, Izmeniaiushchimisia Skachkom. F 
M. Kilin. Avtom. i Telemekh., Dec., 1957, pp 
1,061-1,080. In Russian Determination of 
transient and steady processes in pulse systems 
with step variables, using step functions together 
with continuous functions 

K Obshchei Teorii Nereguliarnykh Volnovodov. 
B. Z. Katsenelenbaum. AN SSSR Dokl., Sept 
11, 1957, pp. 203-—20¢ 10 refs. In Russian 
Evaluation of the general theory of nonregular 
wave guides 

Metod Rascheta Nadezhnosti Raboty Appara- 
tury. G. V. Druzhinin Aviom. t Telemekh., 
Dec., 1957, pp. 1,136-—1,138. In Russian. Cal- 
culation of the reliability of automatic electrical 
systems. 

Sintez Impul’snykh Tsepei i Sistem s Im- 
pul’snoi Obratnoi Sviaz’iu. V. P. Perov. Az 
tom. 1 Telemekh Dec 1957, pp. 1,081-1,097 
llrefs. In Russian Determination of optimum 
characteristics of pulse systems, taking the condi- 
tion of the minimum root mean square as a crite- 
rion of the optimum when the dynamic accuracy 
and transient time are known 

Properiétés et Applications des Thermistances, 
Jacques Bleuze. Fusées, Oct., 1956, pp. 131-142 
In French. Study of the properties and applica- 
tions of thermistors 

A Carrier-Energized Bistable Circuit Using 
Variable- ‘Capacitance Diodes. E. O. Keizer 

‘A Rev., Dec., 1957, pp. 475-485. Description 
of the device, and illustration of its application us 
ing a specific experimental diode 

Silicon Cartridge Rectifiers Save Space in Air- 
borne Units. John D. Vickrey. Av. Age, Jan., 
1958, pp. 84-89 Discussion of the advantages 
in electrical, mechanical, and aging characteristics 
of high voltage silicon rectifiers 

Tendances dans |’Emploi des Matériaux pour 
l’Industrie Electronique aux Etats-Unis. M 
Bousquet. Fusées, Oct., 1956, pp. 129, 130. In 
French. Discussion of techniques used currently 
by the electronic industry in USA for selecting 
materials in terms of compactness and reliability. 

Operational and Hardware Modules. Bill L 
Waddell. Auto. Control, Jan., 1958, pp. 39-43 
Definition of the modules and component de- 
velopment of the original modular design of a 
data-handling system to meet the conditions of 
improved techniques 

Junction of Smooth Flared Wave Guides. D 
J. Leonard and J. L. Yen. J. Appl. Phys., Dec., 
1957, pp. 1,441-1,448. Extension of Stevenson's 
general theory of electromagnetic horns or flared 
wave guides to include sudden jumps in the first 
derivatives of the cross sections. “4 


Amplifiers 


Raschet Magnitnykh eg pri Zadannom 
Napriazhenii Pitaniia. N Vasil’eva and O 
A. Sedykh. Avtom. i Telemeth. Nov., 1957, pp 
1,052-1,060. In Russian. Calculation of mag 
netic amplifiers for given supply voltage. 

Theory of Parametric Amplification Using 
Nonlinear Reactances. S. Bloom and K. N 
Chang. RCA Rev., Dec., 1957, pp. 578-593 
Phenomenological analysis of a parametric am- 
plifier in terms of an equivalent-circuit model 

Metod Uproshcheniia Rascheta Tranzistornogo 
Usilitel’nogo Kaskada. A. A. Sokolov. Avtom 
i Telemekh., Dec., 1957, pp. 1,139-1,141. In 
Russian. Development of a simplifying method 
for the calculation of a transistor amplifier cas- 
cade. 

New Approaches to the Amplification of Micro- 
waves. James P. Wittke RCA Rev., Dec., 
1957, pp. 441-457. Description of two types of 
‘‘molecular’’ microwave amplifiers—the maser 
and parametric amplifier—based on the conver- 
sion of internal molecule energy into radiation 
energy and on ‘‘negative resistance,’’ respectively. 


Antennas 


Some Investigations on Dielectric Aerials. III. 
B. Rama Rao, R. Chatterjee, and S. K. Chatter- 
jee. Indian Inst. Sci. J., Sect. B, Oct., 1957, pp. 
143-155. Experimental verification of the two 
(Chatterjee) theories on the radiation of a dielectric 
rod aerial excited in the HE, mode in the case of 
perspex rod aerials. A close agreement bet ween 
the two theories and experiment is obtained. 

Parabolic Antenna System Characteristics for 
Simple Performance Calculation. Richard F. H. 
Yang. Av. Age, Jan., 1958, pp. 64, 65. 
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HIGH ALTITUDE PHOTO ABOVE EGLIN AIR FORCE BASE 


FIREBEE: “ENEMY” JET OVER AMERICA 


The most realistic “enemy” in the skies over 
America today is the Ryan Firebee. This jet-fast, 
elusive target drone is being used to sharpen the 
sights of the men who man the nation’s air 
defense system and to evaluate the missiles 
upon which they rely. 

The Firebee flies at the high speeds and alti- 
tudes required to test the performance of the 
newest, most deadly air-to-air and ground-to- 
air missiles. It possesses the maneuverability 
and extended duration needed to realistically 
simulate “enemy” intercept problems. 

Developed by Ryan for the Air Force (Q-2A), 
Navy (KDA-1) and Army (XM21), the Fire- 
bee is in volume production and operational use. 


It is being fitted with special radar and infra-red 
reflective devices for simulating varied target 
characteristics and providing broader missile- 
target compatability. The Firebee can be 
equipped with wing pods to carry added fuel... 
a warhead... photo or television reconnaissance 
gear. 

The Firebee is an example of Ryan’s skill in 
blending advanced aerodynamic, jet propulsion 
and electronics knowledge to produce a highly 
successful solution to a complex aviation prob- 
lem... meet a vital military need. Other exam- 
ples are the Air Force-Ryan X-13 Vertijet and 
Navy-Ryan AN/APN-67 automatic navigator 
for global jet flight. 


RYAN BUILDS BETTER 
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Die Schlitzantenne und ihre Anwendung an 
a. H. Mann. Luftfahrttechnik, Dec. 
15, 1957, pp. 264-269. In German. Evaluation 
of the slot antenna and of its application to air- 
craft. 


Peredaiushchie Antenny dlia Sviazi s Samole- 
tami. A. Kravchenko Grazhdanskaia Aviatstia 
Nov., 1957, pp. 22-2 In Russian. Descrip- 
tion of transmitting antenna types for aircraft 
communication systems 


Communications 


DATA LINK—eine Einrichtung zur Datenii- 
bertragung fiir Luftfahrzeuge. H. Lietzmann 
Luftfahrttechnik, Dec. 15, 1957, pp. 269-273. In 
German. Description of the TACAN data 
link system and of its application. 

Bordfunkgerite fur neuzeitliche Flugzeuge. 
H. Lietzmann. Luftfahrttechnik, Aug. 15, 1957, 
pp. 179-184. In German. Discussion of char 
acteristics of airborne radio equipment, including 
design, installation, and operation. 

Sistemi di Bordo per Comunicazioni a Largo 
Raggio. CAAI N. 19, Sept. 26, 1957, pp. 12-20 
In Italian. Discussion of air-borne communica 
tion systems. 


R-F Communication Systems Parameters. 
Burt J. Bittner and Ronald E. Hanson. Av. Age, 
Jan., 1958, pp. 66-68. Method for calculating 
required antenna gain, receiver input signal level 
signal-to-noise ratio, required transmitter power 
and maximum radio path distance. 


Dielectrics 


Un Nouveau Mode de Représentation des 
Pertes Diélectriques dans un Isolant Solide. H. 
Bonifas. (Congrés Internatl. Matériaux Av. & 
Projectiles-Fusées, Paris, Mar. 28-Apr. 1, 1955.) 
Fusées, Dec., 1956, pp. 295-302. In French 
Description of a new method for representing di 
electric losses in a solid insulator, and application 
of the obtained formulas to two specific cases. 


Magnetic Devices 


Propriétés et Applications des Ferrites en 
U.H.F.; Effet Faraday. M. Vassiliev. Fusées 
Oct., 1956, pp. 143-149. In French. Review of 
the fundamentals of ferrite structure and ferro 
magnetic properties, analysis of their behavior at 
high frequencies, particularly UHF, and presen 
tation of data covering absorption, Faraday effect, 
and applications. 


Measurement & Testing 


Matériel de Mesure et de Télémesure pour 
Engins. Pierre Devergne. Fusées, May, 1957, 
pp. 149-152. In French. Description and eval- 
uation of measuring and data-transmitting de 
vices for missile application in terms of size and 
weight, environmental conditions, and optimum 
operation requirements. 


Aerodynamic Heating Simulator for Transducer 
Development. Joseph I. Masters and Milton S. 
Cohen. Rev. Sci. Instr., Dec., 1957, pp. 1,055 
1,058. Development of an electric heater com 
parator for quantitative environmental testing 
and comparison of various types of subsurface 
transducers. 


Noise & Interference 


The Rectification of Non-Gaussian Noise. 
James A. Mullen and David Middleton. Quart 
Appl. Math., Jan., 1958, pp. 395-419. 23 refs 
USAF-Army- Navy supported study of the effects 
of a general class of non-Gaussian random proc 
esses in an a.m. receiving system. The prob- 


ability densities of a generalized Poisson process — 


and a new approximating series for the densities 
are presented, along with a discussion and results 
for the rectification probl:m. 

Ferrite Cores Filter Out Radio Noise with Low 
Loss. James C. Senn. Av. Age, Jan., 1958, pp. 
56-61. Derivation of a method for calculating 
insertion losses of ferrite core filters, along with 
their typical application and effects on circuit 
performance. 


Radar 


Three-Frequency Radar Has More Range. 
Philip J. Klass. Av. Week, Jan. 13, 1958, pp. 
79-82. Discussion of a French radar which in- 
creases the effective range up to 35 per cent, makes 
the radar less vulnerable to enemy jamming, and 
gives greater operational reliability. The radar 
employs two or more radar transmitters and re- 
ceivers, each operating at a slightly different fre- 
quency but sharing a common antenna and video 
display. 

Cutting Size and Weight Without Performance 
Loss. Burton L. Cordry. Av. Age, Jan., 1958, 
pp. 70-76. Abridged. Discussion on the proper 
control of design parameters to make possible a 
reduction from 50 to 26 Ibs. ona Bendix radar re- 
ceiver-trdnsmitter. 


Microwave Interferometer for Missile Guid- 
ance ‘‘Scans’’ Electronically. Arnold Levine 
and William Waer. Av. Age, Jan., 1958, pp. 44, 
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45, 47-49. Development of a missile scanner 
which uses three or four small fixed polyrod an- 
tennas that mount in the nose or forward stabiliz- 
ing surfaces. Each antenna is connected to a 
separate r-f system by a coaxial cable or wave 
guide 


Semiconductors 


Silicon Unijunction Transistor. I, II. S. R 
Brown and T. P. Sylvan Electonic Des., Jan 
8; 22, 1958, pp. 56-59; 30-35. Discussion of the 
device's structure, basic characteristics, and cir- 
cuitry applications. 

Sectioning and Etching Techniques for Transis- 
tors and Diodes. Appendix I—Materials for 
Sectioning and Polishing Techniques. Appendix 
I1—Composition of Etches. W. G. Townsend 
Gt. Brit., RAE TN El. 142, May, 1957. 21 pp 
ll refs 

Influence of Hydration-Dehydration of the 
Germanium Oxide Layer on the Characteristics of 
P-N-P Transistors. J. Torkel Wallmark and 4 
R. Johnson. RCA Rev., Dec., 1957, pp. 512-52 


ll refs 


Equipment 


Ganzmetall-Dampfer fiir Luftfahrtgerite; Ihre 
Eigenschaften und Leistungen. Luftfahrttechnik, 
Dec. 15, 1957, pp. 274, 275. In German. De- 
scription of all-metal absorbers for aeronautical 
equipment, and details of their properties and 
operation, 


Electric 


Electrical Generating Equipment for Aircraft. 
The Engr., Dec. 1957, pp. 868, 869. Discus- 
sion of some Suglich Electric developments in d.c 
generators. 

Zagadnienie Szczotek do Wysoko§Sciowych 
Maszyn Elektrycznych. Kwiryn Zuchowicz 
Tech. Lotnicsa, Sept.-Oct., 1957, pp. 134-138 
In Polish. Discussion of the problem of high alti 
tude carbon brushes. 

Piles Spéciales pour |’ Aéronautique et les 
Engins Spéciaux. M. Emeriat. Fusées, Oct., 
1956, pp. 179-181. In French. Evaluation of 
special battery cells for aircraft and missile appli 
cation 

Tendances Américaines en Matiére de Groupes 
Electrogénes d’Aérodromes. H. Lanoy. Docaéro, 
Nov., 1957, pp. 53-72. In French. Discussion 
of the electric ground equipment and of the cur- 
rent techniques used in the United States. 

Elements of a Theory of Sliding Contacts. 

Mayeur. (Rev. Gén. Elec., No. 66, 1957, pp 
207-225.) Gt Brit., RAE Lib. Transl 696, Oct., 
1957. 33 pp. 

Development of a 3-K W Gasoline Engine Gen- 
erator Set, Type MC-4. Robert J. Darby. US- 
AF RADC TN 57-373 [AD 131351], Nov., 1957 
18 pp. 


Hydraulic & Pneumatic 


Pneumatic System Design. J. V. Dymkowski 
Aero. Eng. Rev., Mar., 1958, pp. 50-55, 66. Dis- 
cussion of design requirements and duct system 
types, along with specific recommendations for 
design of future duct systems. Different types of 
rigid and flexible connectors are presented, as are 
some test practices and programs. 

Das Auftreten von Querkriften bei der Stré- 
mung durch Spalte. Karl Trutnovsky. VDI 
Zeitschrift, Oct. 21, 1957, pp. 1,538, 1,539. In 
German. Experimental investigation of lateral 
forces in slot flows produced by an included core, 
with details of the hydraulic lock. Includes ap 
plication to hydraulic pistons 


Flight Operating Problems 


On the Landing Course. I-—The ‘‘Straight- 
n’’ Landing Approach. A. M. Mikhaylov. 
Activities of the Bomber Navigator During an In- 
strument Landing. B.M. Vershinin. III—Atan 
Alternate Airfield. MM. A. Savchenko and I. M 
Golovin Vestntk Vozdushnogo Flota, No. 3, 
1957, pp. 36-54. 


Fuels & Lubricants 


A Survey of the Radiation Stability of Hydro- 
carbon Fuels. J. G. Carroll, R. O. Bolt, and J. A 
Bert ASTM Atomic Ind. Forum Symposium, 
{tlantic City, June 16-21, 1957.) Aero. Eng 
Rev., Mar., 1958, pp. 61-65; Discussion, Curtis E 
Lundblad, pp. 65, 66. 12refs. Test results on sev- 
eral types of hydrocarbon fuels exposed to gamma 
and pile irradiation. Physical properties before 
and after radiation are measured and compared. 

Cyanderivate als Raketenbrennstoffe. Eckart 
W. Schmidt. Raketentech. & Raumfahrtforsch., 
Jan., 1958, pp. 20, 21. 17 refs. In German. 
Analysis of the possible application of cyanide 
derivatives as rocket fuels in terms of high energy 
and temperature. 

Operational Characteristics of Turbine Fuels. 
D. O. MacDougall. (SLAE J., Apr., 1957, pp. 
3-14 Ind. Aeronautics, Dec., 1957, pp. 17-2 


A Look at Free Radicals. G. C. Szego and E 


A. Mickle. (ARS 12th Annual Meeting, New 
York, Dec. 2-5, 1957.) Astronautics, Jan., 1958, 
pp. 36-38. Discussion indicating that non-oxi- 


dation-reduction fuel systems show promise, but 
that much cryogenic research is still required. 

Silicone Fluids for the Jet Age. John P.- 
Thomas. Lubrication Eng., Dec., 1957, pp. 622 
623. Discussion of general characteristics and of 
some problems of application 

Der derzeitige Stand der Theorie der Gleitla- 
gerschmierung. Heinrich Ebeling. VDI Zeit- 
schrift, Jan. 11, 1958, pp. 46, 47. In German 
Evaluation of the theory of journal-bearing lubri- 
cation. 

General Purpose Greases. Lubrication, Oct., 
1956. S8pp. Discussion of the properties of four 
types of soap-thickened greases and of their appli 
cations. These include calcium base greases 
sodium base greases, sodium-calcium mixed base 
greases, and lithium base greases. 

An Evaluation of Greases Using a Gear Wear 
Tester. E. Kay. Gt. Brit., RAE TN Chem.i311 
July, 1957. 16 pp 

Les Lubrifiants pour Températures Extrémes 
Utilisés en Aéronautique et dans les Projectiles- 
Fusées. M. Emile Matsas. Fusées, Oct., 1956 
pp. 152-160. In French. Survey of common and 
synthetic lubricants for use at extreme tempera 
tures in aircraft and rocket missiles. 

Solid Fuels May Claim Big-Missile Field. Rus- 
sell Hawkes. Av. Week, Dec. 23, 1957, pp. 37-41 
Discussion of the future of solid fuels in terms of 
their advantages over liquid propellants. 

Thermodynamique Générale des Propergols. 
P. Magot-Cuvru. Fusées, Oct., 1956, pp. 115- 
128. In French. Analysis of the general pro- 
pellant thermodynamics, including calculation of 
the thermochemical potential, enthalpy and en 
tropy variations, and reaction and ejection tem- 
peratures as well as evaluation of the Vant’Hoff 
theorem. 


Ice Formation & Prevention 


Solutions for Helicopter Rotor Blade Icing. 
D. A. Richardson, H. A. Wahl, and J. M. Clif- 
ford. IAS 26th Annual Meeting, New York, Jan 
27-30, 1958, Preprint 810. 11 pp. Members, 
$0.50; nonmembers, $0.85. Discussion of the 
requirements for an ice-protection system. In- 
cludes anti-icing and de-icing techniques as the 
two basic procedures, the latter being recom- 
mended for the immediate future. 

Otsenka Uslovii Obledeneniia Samoletov v 
Sloistykh i Sloisto-Kuchevykh Oblakakh. V. 
Kozharin. Grazhdanskaia Aviatsiia, Nov., 1957, 
pp. 25-27. In Russian. Determination of air- 
craft icing conditions in stratus and strato-cumu- 
lus clouds. 


Instruments 


Metrologicheskie Raboty v Oblasti Mekhani- 
cheskikh Izmerenii. E. F. Dolinskii. Jzmer 
Tekh., Nov.-Dec., 1957, pp. 45-48. In Russian 
Survey of metrological standards including pres- 
sure, viscosity, linear and angular velocity, ac- 
celeration, and hardness measurements. 


Accelerometers 

Directly Double-Integrating Accelerometer 
Looks Good for Inertial Guidance. Kenneth E 
Pope. Av. Age, Jan., 1958, pp. 50-55. Review 
of the various types of accelerometers that have 
been proposed for inertial guidance. 


Automatic Control 


Metody Ekstremal’nogo Regulirovaniia. I. S. 


Morosanov. Aviom. i. Telemekh., Nov., 1957, 
pp. 1,029-1,044. 17 refs. In Russian. "Analy- 
sis of basic optimizing control methods. Some 


applications are also described. 


K Issledovaniiu Avtokolebanii i Ustoichivosti 
Avtomaticheskikh Sistem s Nesimmetrichnoi 
Nelineinost’iu pri Nalichii Vneshnego Vozdeis- 
tviia. M. V. Starikova. AN SSSR Otd. Tekh 
Nauk I2zv., Sept., 1957, pp. 27-32. In Russian 
Investigation of auto-oscillations and stability of 
automatic control systems with unsymmetrical 
nonlinearity in the case of external influence. 


Ob Otsenke Oblasti Nakhozhdeniia Istinnogo 
Periodicheskogo Resheniia, Opredeliaemogo Pri- 
blizhenno Metodom Garmonicheskogo Balansa. 
I. V. Glatenok. Avtom. i Telemekh., Dec., 1957, 
pp. 1,132-1,135. In Russian. Evaluation of the 
true periodic solution obtained approximately by 
means of the harmonic-balance method. ia 


Pnevmaticheskii Ekstremum-Reguliator. Iu. 
I. Ostrovskii. Aviom. i Telemekh., Nov., 1957, 
pp. 1,045-1,051. In Russian Description of 
the pneumatic optimizing controller of the USSR 
Academy of Sciences, and presentation of experi- 
mental data. 


K Sintezu Struktur Mnogosviaznogo Reguliro- 
vaniia pri Nalichii Elementov s Zapazdyvaniem. 
M. V. Meerov. Avtom. i Telemekh., Dec., 1957, 
pp. 1,098-1,108. In Russian. Evaluation of 
multi- jooped control systems including elements 
with lags. 


— 
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Heavy sections like rudder posts and 
propeller blades can be gamma ray 
inspected with 4 shorter exposure — 
and welded seams can be radiographed 
more rapidly with available portable 
or low kv x-ray equipment— when 
Kodak Industrial X-ray Film Type KK 
is used. 


.. cut exposure 
time '/3 with 
New Kodak 
Industrial 


X-ray Film 


TYPE KK 


Where heavier sections are to be radio- 
graphed or where the output of available 
X-ray or gamma ray sources is limited, 
Kodak’s new Industrial X-ray Film Type 
KK is the film to use. 


This film shows as much as 50% 
increase in speed over the well-known 
Type K Film. It means more work can 
be done—that exposures can be cut by 


EASTMAN KODAK COMPANY 
X-ray Division, Rochester 4, N.Y. 


a third. And those who have tried Type 
KK tell us that its higher contrast, off- 
setting a slight increase in graininess, 
provides improved radiographic sensitivity. 


To learn how Kodak Industrial X-ray 
Film Type KK can extend the service of 
your present radiographic equipment, 
get in touch with your x-ray dealer or 
Kodak Technical Representative. 
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THE 
ELEMENT 
OF 
GROWTH 


and the System-Oriented Engineer 


Technical growth thrives when two basic conditions are combined: 
(1) a complex program that explores new areas of science and 
engineering and (2) engineers and scientists whose personalities 
demand that their work extend them to the utmost. 

Both conditions exist at System Development Corporation. 
Now, with significant expansion in progress, a number of new 
positions have been created for system-oriented engineers. The 
work involves studying the multitude of interactions possible 
among advanced aircraft, missiles, and electronic devices with each 
other and with human elements in the nation’s most extensive 
man-computer system. 

To qualify, substantial experience with air-to-air or ground- 
to-air missile systems is required together with demonstrated apti- 
tude in the field of system planning. Write for more information 
or call collect. Address R. W. Frost, System Development Cor- 
poration, 2426 Colorado Avenue, Santa Monica, California; phone 
EXbrook 3-9411. 


SYSTEM DEVELOPMENT CORPORATION 


An independent nonprofit organization, formerly a division of the Rand Corporation 
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Ob Odnoi Zadache Optimal’nogo Reguliro- 
vaniia. N.N. Krasovskii. Prikl. Mat. i Mekh., 
Sept.-Oct., 1957, pp. 670-677 In Russian. 
Derivation of a solution to the problem of equa- 
tions with finite differences and determination of 
the boundary transition to the equivalent problem 
of differential equations in the case of h — 0. 
This facilitates the determination of an approxi- 
mate computational method for differential equa- 
tions. 

Priblizhennoe Opredelenie Veroiatnostnykh 
Kharakteristik Vykhodnykh Koordinat Nelinei- 
nykh Sistem Avtomaticheskogo Regulirovaniia. 
B. G. Dostupov. Avtom. i Telemekh., Nov., 1957, 
999-1,009. 11 refs. In Russian. Approximate 
determination of probability characteristics of the 
outputs of automatic nonlinear control systems. 

Theorie von Regelsystemen mit zeitlich vari- 
abler Regelstirke. G. Ludwig and H: Rollnik. 
ZAMM, Nov.-Dec., 1957, pp. 457-470. In Ger 
man. Analysis in which the existing general the- 
ory of servomechanisms is generalized so as to 
cover systems where the control strength varies 
with time in such a way that the system is brought 
into the prescribed final state within a finite period 
of time. The problem is solved by means of a 
general Laplace transformation. 

O Dinamicheskoi Tochnosti Slediashchei Sis- 
temy, Soderzhashchei Nelineinoe Zveno s Polino- 
mial’noi Kharakteristikoi. S. Ia. Raevskii 
Avtom. it Telemekh., Nov., 1957, pp. 1,010—-1,016 
In Russian. Discussion of the dynamic precision 
of a servosystem including nonlinear block with a 
polynomial characteristic 


Flight Instruments 


The Army-Navy Instrumentation Program. 
George W. Hoover. IAS 26th Annual Meeting, 
New York, Jan. 27-30, 1958, Preprint 815. 5 pp 
Members, $0.35; nonmembers, $0.75. Discus 
sion of the program, including optimum presenta 
tion and controls for the aircraft man-machine 
system, industry-wide participation, a completely 
integrated system reducing weight, size, mainte 
nance and training time, additional reliability, a 
new approach method, a program based on objec- 
tive considerations, and development proceeding 
from logical requirements 


Flow Measuring Devices 


A Philosophy of Air-Data Measurement. N.Y 
Andersen and L. Bogdan Aero. Eng. Rev., 
Mar., 1958, pp. 56-60 15 refs Discussion of 
the design and development of air-data sensors, 
pressure transducers, and airborne computers 
Results of full-scale flight and wind-tunnel cali- 
bration tests are presented, and a _ theoretical 
method for determining airframe position errors is 
developed. 


Gyroscopes 


O Dvizhenii Simmetrichnogo Giroskopa, Polost’ 
Kotorogo Chastichno Zapolnena Zhidkost’iu. 
G. S. Narimanov. Priki. Mat. i Mekh., Sept.- 
Oct., 1957, pp. 696-700. In Russian. Study of 
the motion of a symmetrical gyro whose cylinder 
has a cavity partly filled with liquid. The derived 
equation can be applied to study the stability of 
stationary rotation and to estimate the influence 
of the values of various system’s parameters. 

Dvizhenie Bystrogo Giroskopa Goriacheva- 
Chaplygina. Iu. A. Arkhangel’skii. AN SSSR 
Otd. Tekh. Nauk I2v., July, 1957, pp. 122-124 
In Russian. Application of the Sretensky method 
to study the motions of the Goriachev-Chaplygin 
gyroscope, due to the transmission of a high an- 
gular speed w to the solid body. 


Temperature Measuring Devices 


Response of Radiosonde Thermistors. Frank- 
lin I. Badgley. Rev. Sci. Instr., Dec., 1957, pp 
1,079-1,084. 17 refs. Investigation of the ex- 
tent to which simple laboratory techniques may 
be employed in evaluating thermometer perform- 
ance at high altitudes, and presentation of some 
specific laboratory results 


Lighter-Than-Air 


The Plastic Balloon as a Geophysical Platform. 
Richard H. Braun. JAS 26th Annual Meeting, 
New York, Jan. 27-30, 1958, Preprint 823. 5 pp 
Members, $0.35; nonmembers, $0.75. Discus- 
sion of balloon capabilities and its geophysical 
applications 


Machine Elements 


Fastenings 


Titanium Fasteners. R. T. Allsop. Aircraft 
Prod., Jan., 1958, pp. 2-8. Discussion of bolt 
manufacturing techniques and the physical prop 
erties of titanium alloy bolts 


Seals 


Seals for Pressures to 10,000 Atmospheres. W 
B. Daniels and A. A. Hruschka. Rev. Sct. Instr., 


| 
| 
| 


SARGENT 
FACILITIES 


Research 
Design 
Development 
Testing 
Qualifying 


With 38 years acceptance Sargent builds precision linear and 
rotary hydraulic, pneumatic, mechanical and electronic systems 
of force control to meet successfully the increasingly high require- 
ments of marine, aircraft, missile, petroleum and industrial use. 


SARGENT 


From original idea to finished product - SARGENT. 


Manufacturing 
including — 

Machining & Grinding 
Heat Treating, all types 
Plating, all types 


Inspection 
Assembly 


Handard of Excellence 


“GOOD WILL” is the disposition of 
the pleased customer to return to the 
place where he has been well treated. 


— U.S. Supreme Court 


SARGENT 
BUILDS 


Servo-Systems 
Hydraulic Systems 
Integrated Packages 
Hydraulic Actuators 
Hydraulic Vaives 


Since 1920 


ENGINEERING CORPORATION 


MAIN OFFICE & PLANT, 2533 E. FIFTY-SIXTH ST. 


Hydraulic Pumps 
Hydraulic Motors 
Pneumatic Cylinders 
Pneumatic Valves 

Ball Screw Actuators 
Gear Actuators 

Gear Accessory Boxes 
Electronic Systems 


HUNTINGTON PARK, CALIF. 
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Dec., 1957, pp. 1,058, 1,059. ONR-supported 
discussion of armored O-ring seals, as well as of a 
simple high-pressure pump piston seal, and descrip- 
tion of a proprietary surface treatment for reduc- 
ing liability of steel part galling 


Maintenance 


Some Aspects of the Operation and Mainte- 
nance of Aircraftin Northern Canada. A.W. Mc- 
Cormick. SLAE J., Nov., 1957, pp. 3-7. Dis 
cussion which includes methods for keeping the 
aircraft heated, laws in battery efficiency, engine 
starting methods, ground running, and spare parts 
replacement. Comments are made on the type of 
equipment needed for future use. 


Materials 


Razvitie Teorii Ustalosti Metallov. I. A 
Oding. AN SSSR Vestnik, Apr., 1957, pp. 24-30 
‘In Russian. Development of the theory of metal 
fatigue. 


Ceramics & Ceramals 


Keramische Diisen fiir ungekiihlte Raketen- 
triebwerke. W. L. Wroten. Raketentech. & 
Raumfahrtforsch., Jan., 1958, pp. 21, 22. In 
German. Evaluation of ceramic materials for the 
construction of nozzles in noncooled rocket en- 
gines. 

Recent Advances in Cermets. Robert ets 
Jet Propulsion, Jan., 1958, pp. 15, 68-7( 25 
refs. Redefinition of cermets in terms of ol de- 
velopment of nickel-base materials, including their 
application as bearing materials at relatively low 
temperatures. New production methods as well 
as some research work on the microstructure of a 
number of compositions are given. 


Metals & Alloys 


Metallic Materials in Aircraft Structures—Pres- 
entand Future. I, II. George Meikle. SLAE 
J., Oct., Nov., 1957, pp. 2-18; 8-13. 16 refs. 
Discussion in terms of fatigue and structural effi 
ciency, with special consideration of materials for 
high-speed aircraft. 

O Termicheskoi Ustalosti Metallov. V. N 
Kuznetsov. Teploenergetika, Dec., 1957, pp. 32 
35. In Russian. Results of experiments for the 
determination of thermal stresses in metals. 


Aircraft Fatigue—Is Low ay Material the 
Answer? C. R. Smith. JAS 26th Annual Meet 
ing, New York, Jan. 27-30, 1958, Preprint 780 
11 pp. Members, $0.35; nonmembers, $0.75. 
Discussion of the arguments for the use of lower- 
strength alloys, and presentation of some fatigue 
tests. It is concluded that, in spite of lower fa- 
tigue resistance, high- strength alloys should be 
used for greater weight saving and improved air- 
craft performance. 


Izmerenie Temperaturoprovodnosti Metallov v 
Shirokom Intervale Temperatur za Odin _Opyt. 
oO A. Kraev. Teploenergetika, Dec., 1957, pp 
69-72. In Russian. Development of a method 
for measuring thermal conductivity of metals 
over a wide range of temperatures. 


Interpretatsiia ag Uravneniia Polzu- 
chesti Metallov. A. Oding. AN SSSR Dokl., 
Sept. 1, 1957, pp. 66-69. In Russian. Inter- 
pretation of the general equation for the creep of 
metals. 


Poverkhnostnye Iavleniia pri Plasticheskoi De- 
formatsii Metallov. A. F. Braun. Uspekhi Fiz 
Nauk, July, 1957, pp. 305-355. 108 refs. In 
Russian. Investigation of surface phenomena in 
the case of plastic deformation of metals. 


Materials for ‘‘Hot’’ Rocket Parts Must With- 
stand 1700 Deg F Plus. R. C. Kopituk. Av 
Age, Jan., 1958, pp. 104-109. 


Zharoprochnost’ i Goriachaia Tverdost’ Splavov 
Sistemy Nikel’-Khrom. T. Domotenko and 
I. I. Kronilov. AN SSSR Otd. Tekh. Nauk Iszv., 
Oct., 1957, pp. 36-40. In Russian. Investiga- 
tion of the heat resistance and rigidity of Ni-Cr 
alloys. 


The Mechanical Properties of Nimonic 80, 90 
and 100 Sheet at Room and Elevated Tempera- 
tures. D. C. Hayward. Gt. Brit... RAE TN 
Met.266, June, 1957. 23 pp. 

O Prichinakh Razlichnoi Goriachelomkosti 
Splavov s Odinakovym Effektivnym Intervalom 
Kristallizatsii. N.N.Glagoleva, K. T. Matveeva, 
and I. I. Novikov. AN SSSR Otd. Tekh. Nauk 
Izv., Oct., 1957, pp. 41-45. 27 refs. In Russian 
Determination of the causes of hot-shortness in 
— having the same effective cristallization in- 
terva 


Effectiveness of Various Protective Coverings 
on Magnesium Fins at Mach Number 2.0 and 
Stagnation Temperatures up to 3,600°R. William 
M. Bland, Jr. U.S., NACA RM L57J17, Jan 
9, 1958. 48 pp. Test results using Inconel and 
Fiberglas as protective coatings. 

Les Aciers Inoxydables et Réfractaires dans 
lAéronautique. L.Guitton. Fuséesy Dec., 1956, 
pp. 227-237. In French. Evaluation of stain- 
less and refractory steels, including creep prop- 
erties, and description of aircraft and missile 
applications. 
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Mechanical Properties of Mild Steeis EN2C 
and S84 Over the Temperature Range 800 to 
1200°C. M. S. Binning and B. F. Billing. Gi 
Brit., RAE TN Met.267, July, 1957. 27 pp. 

Ultra High Strength Steel Looks Good for 
Landing Gears. Av. Age, Jan., 1958, pp. 110—- 
113. Discussion of a new alloy with 285,000-psi 
tensile range. 

, Steinioes Steel Government Specifications. 

S ws, Jan. 6, 1958, pp. 122-125. Presenta- 
tion of data giving chemical content and form, 
along with a cross-index of SAE, AISI, and AMS 
specification numbers 


Metals & Alloys, Nonferrous 


Les Alliages de Molybdéne et leur Protection 
Contre l’Oxydation. H. Biickle. La Recherche 
Aéronautique, Nov.-Dec., 1957, pp. 35-52. 29 
refs. In French. Evaluation of molybdenum 
alloy properties and discussion of their applica 
tions, taking into account present thermal require 
ments Includes discussion of various protective 
coatings and their effect on the improvement of 
molybdenum oxidation resistance. 

Caractéristiques 4 Chaud de Quelques Produits 
non Ferreux Pouvant 6étre Utilisés en Aéronau- 
tique. R.Chevigny. Fusées, Oct., 1956, pp. 161 
169 17 refs. In French Evaluation of the 
thermal behavior of some nonferrous materials 
for aeronautical application 

The Properties at Temperatures up to 240°C of 
DTD 546 Clad Aluminum Alloy Sheet at Various 
Straining Rates. M. S. Binning and A. B. Os- 
born. Gt. Brit., RAE TN Met. 264, June, 1957. 
18 pp 

Recrystallization During Creep of Prestrained 
Aluminium. J. H. Auld, R. I. Garrod, and T. R 
Thomson Acta Metallurgica, Dec., 1957, pp. 
741-746 18 refs. Studies of the recrystalliza- 
tion-time dependence on the applied stress during 
creep, including some suggestions based on the 
structural changes during creep, in order to ac- 
count for the manner in which the incubation 
time varies with applied stress and prior deforma- 
tion 

Elastic Moduli and Tensile Properties of Ti- 
tanium-Carbon and Titanium-Aluminium-Carbon 
Alloys. Appendix—Theoretical Relationships 
Between the Modulus of an Aggregate and the 
Moduli and Proportions of its Constituents. H. 
Brooks, G. I. Lewis, and J. I. M. Forsyth. Gt 
Brit., RAE TN Met.265, June, 1957 19 pp 


Nonmetallic Materials 
Creep and Recovery of Synthetic Yarns and 


Fabrics at Room Temperature. A. Baker, M 
Keene, and J. E. Swallow. Gi. Brit., RAE TN 


Chem.1315, Sept., 1957. 21 pp. Presentation of 
test results for nylon, Terylene, and Fortisan, 
and discussion of these results in terms of visco- 


elastic hypotheses. 

Giessbare Werkstoffe fiir Flugzeuge und Flug- 
kérper. Hans Zeuner Luftfahrttechnik, Dec 
15, 1957, pp. 258-264. 10 refs. In German 
Evaluation of castable materials for aircraft and 
missile construction, taking into account static, 
dynamic, and thermal requirements. 


Glasfaserverstarkte Kunststoffe bei Zugbean- 
spruchung. F. Beér. VDI Zeitschrift, July 11, 
1957, pp. 879, 880. In German. Derivation of 
the basic equation of glass-fibre-reinforced plastics 
under tensile stress. 


Testing 


On the Necessity of Fundamental and Widened 
Research in Strength of Materials. M. V. Zaus 
tin 4STM Bul., Dec., 1957, pp. 52-61 ll 
refs. Discussion of the need for more accurate 
more refined, and more specific strength data, in 
cluding suggestions for the improvement of test- 
ing methods. 


O Vozmozhnosti Primeneniia Tritiia dlia Radio- 
graficheskogo Issledovaniia Raspredeleniia Vo- 
doroda v Titanei Tsirkonii. B.I. Bruk and G.I 
Nikolaev AN SSSR Dokl., Sept. 1, 1957, pp 
78-80. In Russian. Description of the applica 
tion of tritium to the radiographic investigation of 
hydrogen distribution in titanium and zirconium 


A Nomographic Method for Evaluating X-Ray 
Back-Refiection Patterns Used in the Computa- 
tion of Residual Stresses in Steels. I. S. Szanté 
Periodica Polytech., No. 2, 1957, pp. 87-101. 


Mathematics 


O Nekotorom Predstavienii Reshenii Uravne- 
niia Eilera-Puassona-Darbu. Iu. P. Krivenkov 
AN SSSR Dokl., Sept., 21, 1957, pp. 351-354 
1l refs. In Russian. Analysis of a representa- 
tion of the solutions for the Euler-Poisson-Dar 
boux equation. 


Predstavienie Reshenii Uravneniia LEilera- 
Puassona-Darbu Cherez Analiticheskie Funktsii. 
Iu. P. Krivenkov. AN SSSR Dokl., Oct. 1, 1957, 
pp. 545-548. In Russian. Representation of 
solutions of Euler-Poisson-Darboux’s equation by 
analytical functions. 

On the Extremals of the Generalized Metric 
Spaces. Arthur Moér. Jasi Politeh. Inst. Bul., 
Fasc. 3-4, 1956, pp. 19-26. 


O Zadache Koshi dlia Parabolicheskogo Urav- 
nieniia Vtorogo Poriadka s Peremennymi Koeffi- 
tsientami. Ia.I. Zhitomirskii. AN SSSR Dokl. 
Oct. 21, 1957, pp. 913-916. In Russian. Study, 
of the Cauchy problem for a second-order para- 
bolic equation with variable coefficients. 

O Zadache Koshi dlia Nelineinykh i Kvazilinei- 
nykh a Sistem. S. D. Eidel’- 
man. AN SSSR Dokl., Oct. 21, 1957, pp. 930- 
932. In Russian. Establishment of theorems 
pertaining to the exact solution of Cauchy’s prob- 
lem for nonlinear and quasilinear parabolic 
systems. 

Zadacha Koshi dlia Sistem Lineinykh Differen- 
tsial’nykh Uravnenii v Chastnykh Proizvodnykh s 
Vesom Bol’she Edinitsy. Iu. V. Sidorov. AN 
SSSR Dokl., Oct. 1, 1957, pp. 560-563. In Rus- 
sian. Analysis of the Cauchy problem for systems 
of linear partial differential equations with a 
weight exceeding unity 

O Kharakteristicheskikh Svoistvakh Reshenii 
Reguliaraykh i i Kvazireguliarnykh Zadach Varia- 

ia. Iu. V. Glebskii. AN 
SSSR Dokl., Oct. 21, 1957, pp. 910-912. In Rus- 
sian. Analysis of characteristic properties of 
solutions for regular and quasiregular problems in 
the variational calculus 


Ob Odnoi Kraevoi Zadache s Zadaniem na 
Vsei Granitse dlia Giperbolicheskoi Sistemy, 
Uravneniiu Kolebaniia Struny. 

N. Vakhaniia. AN SSSR Dokl., Oct. 21, 
1057, pp. 906-909. In Russian. Study of a 
boundary problem for a hyperbolic system equiv- 
alent to the string vibration equation. 

Obratnye Teoremy Konstruktivnoi Teorii 
Funktsii, Zadannykh Otrezke 
Veshchestvennoi "Osi. Timan. AN SSSR 
Dokl., Oct. 11, 1957, 762-705 13 refs. In 
Russian. Evaluation of converse theorems in the 
constructive theory of functions given on a finite 
segment of the real axis. 

Nekotorye Priznaki Zhestkostidlia Poverkhnos- 
tei Vrashchenii. Sun’ Khe Shen. AN SSSR 
Dokl., Oct. 11, 1957, pp. 758-761. In Russian. 
Determination of rigidity characteristics for sur- 
faces of revolution. 


Ob Uravneniiakh s Operatorami, Obrazuiush- 
chimi Ostryi Ugol. P. E. Sobolevskii. AN SSSR 
Dokl., Oct. 11, 1957, pp. 754-757. In Russian. 
Development of a simplified comparative method 
applied to the equations with operators forming 
an acute angle. 


O Differentsiruemosti Reshenii 
Zadach v Neparametricheskoi V. 
Plotnikov. AN SSSR Dokl., Oct. 1957, a. 
746-749. 10 refs. In Russian. Devslennee 
of a new method of solution and application to the 
analysis of the differentiability of solutions for 
variational problems in a nonparametric form. 

Nekotorye Teoremy o Razlozhenii Bezgra- 
nichno Delimykh Zakonov. Iu. V. Linnik. AN 
SSSR Doki., Oct. 1, 1957, pp. 549-551. In Rus- 
sian. Establishment of some theorems on the 
resolution of infinitely divisible laws into com- 
ponents 

O Razlozhenii Bezgranichno Delimykh Zako- 
nov. Iu. V. Linnik. AN SSSR Dokl., Oct. 11, 
1957, pp. 735-737. In Russian. Extension of 
previously obtained results on the factorization 
of infinitely divisible laws 


O Priblizhenii Abstraktnykh Nepreryvnykh 
Funktsii Neogranichennymi Operator-Funktsi- 
iami. S. I. Zukhovitskii and G. I. Eskin. AN 
SSSR Dokl., Oct. 11, 1957, pp. 731-734. In Rus 
sian. Analy sis of the approximation of abstract 
continuous functions by unbounded operator func 
tions. 

O Vzaimnom Raspolozhenii Nulei Posledova- 
tel’nykh Polinomov, Naimenee 
sia ot Nulia. V. S. Videnskii. AN SSR, 
Dokl., Oct. 11, 1957, pp. 723-726. In 
Discussion of the mutual position of the zeros of 
consecutive polynomials deviating least from zero 

O Svedenii Smeshannykh Granichnykh Zadach 
k Kraevoi Zadache Rimana. Iu. I. Cherskii. 
AN SSSR Dokl., Oct. 21, 1957, pp. 927-929. In 
Russian. Development of a method for the re- 
duction of mixed boundary problems to the Rie- 
mannian boundary problem 

O Lineinom Interpolirovanii Statsionarnykh 
Protsessov s Diskretnym Vremenem. Iu. A. 
Rozanov. AN SSSR Dokl., Oct. 21, 1957, pp. 
923-926. In Russian. Linear interpolation of 
stationary processes with discrete time. 

Konechnye Mnozhestva i Proizve- 
denie. A. M. Molchanov AN SR Dokl., 
Oct. 21, 1957, pp. 920-922. In pear Study 
indicating that finite sets can be used as basis for 
obtaining scalar products 


Ob Inversionnoi Slozhnosti Sistem Funktsii. 
A. A. Markov. AN SSSR Dokl., Oct. 21, 1957, 
pp. 917-919. In Russian Analysis of the in 
version complexity of function systems. 


O Reshenii Zadachi Stefana Svedeniem k 
Sisteme Obyknovennykh Differentsial’ nykh Urav- 
nenii. V.G. Melamed. AN SSSR Dokl., Oct. 
1, 1957, pp. 577-580. In Russian. Derivation of 
a solution of Stefan’s problem (coupling of two 
temperature fields) by reduction to a system of 
ordinary differential equations. 


O Vpolne Nepreryvnykh vale Poliakh v 
Banakhovom Prostranstve. A.M. Rodnianskii. 


AN SSSR Dokl., Oct. 1, 1957, “ 556-559. 10 
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Four Tons of Nickel-Containing Stainless Steel 
go into Douglas Aircraft’s new jet trans- 
port, the DC-8. The DC-8 is designed to 


5 different types 
solve major metal problems 
in the DC-8 


Douglas engineers use 5 different 
types of nickel-containing stainless 
steel in their new DC-8 jet transport. 


They use Type 301, a stainless 
which resists work hardening; Type 
302, a general-purpose “18-8” stain- 
less; Type 303, a free-machining 
“18-8” stainless and two stabilized 
stainless steels modified for im- 
proved welding properties: Types 
321 and 347. 


Altogether it amounts to 4 tons of 
stainless steel per plane! 


Douglas engineers use these five 
nickel-containing stainless steels to 
improve the performance and service 
life of cowling, hydraulic lines, duct- 
ing, nacelle structures subject to 
heat or corrosion. Also firewalls and 
fireseals. 


What’s your design problem ? 


One of these stainless steels may 
be just what you’re looking for too. 
There are nickel-containing stainless 
steels that will satisfy nearly every 


carry up to 170 passengers and has a 
non-stop flying range in excess of 5,000 
miles at a speed of 10-miles-per-minute. 


of stainless steel 


conceivable requirement for a cor- 
rosion-resistant alloy. 

The Committee of Stainless Steel 
Producers, AIsI has published a 40- 
page booklet “Stainless Steel in Prod- 
uct Design” which explains how you 
can select among the types available, 
ways stainless steel can be formed, 
joined and finished. And much more. 
Inco will be glad to send you a copy. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street ,A. New York 5, N. Y. 


INCO NICKEL 


NICKEL ALLOYS PERFORM BETTER LONGER 
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refs. In Russian. Analysis of completely con- 
tinuous vector fields in Banach space. 

Predstavieniia Gruppy Vrashchenii n-Mernogo 
Evklidova Prostranstva Sfericheskimi Vektorny- 
mi Poliami. A. A. Kirillov. AN SSSR Doki., 
Oct. 1, 1957, pp. 538-541. In Russian. Repre 
sentations of the group of rotations of an n-di 
mensional Euclidean space by spherical vector 
fields. 

Ob Otobrazheniiakh Proizvedeniia Topolo- 
Prostranstva na Evklidovo v Evklidovo 

rostranstvo. A. M. Rodnianskii. AN SSSR 
Dokl., Aug. 1, 1957, pp. 659-662. In Russian. 
Analysis of the mapping of topological space mul 
tiplied by Euclidean space into Euclidean space. 

O Privodimosti Odnogo Klassa Sistem Dif- 
ferentsial’nykh Uravnenii s Kvaziperiodicheskimi 
Koeffitsientami. A. E. Gel’man. AN SSSR 
Dokl., Oct. 1, 1957, pp. 535-537. In Russian 
Analysis of the reducibility of a certain class of 
simultaneous differential equations containing 
quasiperiodic coefficients. 

Ustoichivost’ po Lineinomu Priblizheniiu Peri- 
odicheskikh Reshenii Sistemy Differentsial’nykh 
Uravnenii s Razryvnymi Pravymi Chastiami. 
M. A. Aizerman and F. R. Gantmakher. A.\ 
SSSR Dokl., Oct. 1, 1957, pp. 527-530. In Rus 
sian. Stability determination by means of a 
linear approximation of periodic solutions of simul 
taneous differential equations with discontinuous 
right-hand sides. 

On the Validity of Levinson’s Theorem for Non 
Local Interactions. A. Martin. USAF OSRTN 
57-672 [AD 36661], 1957. 25 pp. Analysis 
showing that Levinson’s theorem is only valid 
provided there is no degeneracy for positive energy 
wave functions. 

Discontinuous Markoff Processes. J. E 
Moyal. Columbia U. Rep. (AFOSR TN 57-535) 
{AD 136521), Apr., 1957. 55 pp. 14 refs 
Analysis of the theory of discontinuous Markoff 
processes—i.e., processes where the transitions 
between states take place either by “‘jumps’’ of 
some special kind, or by other means. 


I—The Continuity Postulate for Markov Proc- 
coer Abstract Space Case. D. G. Austin and 

V. Chacon. II—The Kolmogorov Differential 
hg D. G. Austin. U. Miami Rep. 9 
(AFOSR TN 57-587) [AD 136575], Sept. 27, 
1957. 50 pp. 21 refs. Study of Markov pro 
cesses in abstract space, as well as in the discrete 
state case. 

Unghiuri Abstracte $i Functii Trigonometrice in 
Spatii Banach. Ivan Singer. Bul. Stiint. Sect 
Stiint. Mat. Fis., Jan.-Mar., 1957, pp. 29-42 
11 refs. In Rumanian, with summaries in Rus- 
sian and French. Determination of abstract an 
gles and trigonometric functions in Banach 
spaces. 

Svoistvo Vypuklosti Rimanovykh Prostranstv 
Polozhitel’noi . Toponogov 
AN SSSR Dokl., Aug. , 1957, pp. 674-676. In 
Russian. Evaluation Ry the convexity of Rie 
mann spaces of positive curvature. 

Ob Odnom Uravnenii Ellipticheskogo Tipa 
Vyrozhdaiushchemsia na Granitse Oblasti. S 
A. Tersonov. AN SSSR Dokl., Aug. 1, 1957, pp 
670-673. In Russian. Derivation of an ellipti 
cal type of equation degenerating at the domain 
boundary. 

O Ravnomernoi Skhodimosti Razlozhenii po 
Sobstvennym Funktsiiam Nechetnomernykh Ob- 
lastei. V. A. Il’in. AN SSSR Dokl., Aug. 1, 
1957, pp. 650-652. In Russian. Study of the 
problem of uniform conv ergence of expansions in 
characteristic functions for regions having an odd 
number of dimensions. 


Ob Integral’nom Mnogoobrazii Sistemy Dif- 
ferentsial’nykh Uravnenii, Soderzhashchei Malyi 
Parametr. .K. V. Zadiraka. AN SSSR Doki., 
Aug. 1, 1957, pp. 646-649. In Russian. Devel 
opment of the integral manifold of a system of dif 
ferential equations containing a small parameter 


O Vozmushchenii Lineinykh Operatorov s 
“Chisto Diskretnym Spektrom. V.N. Gol’dberg 
AN SSSR Doki., Aug. 1, 1957, pp. 643-645 
In Russian. Analysis of the perturbation of lin- 
ear operators with a purely discrete spectrum 


Zamechanie k Odnomu Metodu Otyskaniia 
Periodicheskikh Reshenii. Iu. S. Bogdanov 
Priki. Mat. i Mekh., Sept.-Oct., 1957, p. 714 
In Russian. Development of a method for deriv 
ing periodic solutions. 


Zamechanie k Nekotorym Rabotam po Siste- 
mam Lineinykh Differentsial’nykh Uravnenii s 
Periodicheskimi Koeffitsientami. V. A. Iakubo 
vich. Prikl. Mat. i Mekh., Sept.-Oct., 1957, pp 
707-713. 11 refs. In Russian. Analysis of 
results obtained for problems covering systems of 
linear differential equations with periodic coeffi- 
cients. 


On the Abstract Approach to the Local Theory 
of Continuous Infinite Pseudo Groups. Masatake 
Kuranishi. Chicago U., Dept. Math., Rep. (AFO- 

SR TN 57-728) [AD 136712), Oct., 1957. 95 pp 
Introduction of the notion of parameter groups in 
the general case, and investigation of the theory 
for the analytic case, without extending it to the 
differentiable case. 

Homologie des Anneaux et des Modules. 
Saunders Mac Lane. (Coll. Topologie Algébrique, 
Louvain, June 11-13, 1956.) "BRM Paper, 
1957. 80 pp. 12 refs. In French. OSR-sup- 
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ported analysis of the homology of rings and mod- 


ules 

Citeva Probleme Referitoare la Ecuatiile Di- 
ferentiale de Ordinul al Doilea cu Parametru Mic. 
C. Corduneanu. Bul. Stiint. Sect. Stiint. Mat. 
Fiz., Oct.-Dec., 1956, pp. 703-707 In Ruma 
nian, with summaries in Russian and French 
Derivation of a linear second-order equation with 
partial derivatives applied to the relativistic dy 
namics of two bodies 

Contributii la Derivarea Partial& Numeric& a 
Functiilor de Dou& gi mai Multe Variabile. D. 
D. Stangu. Bul. Stiint. Sect. Stiint. Mat. Fiz., 
Oct.-Dec., 1956, pp. 733-763. 11 refs. In Ru 
manian, with summaries in Russian and French 
Partial numerical derivation of functions of two or 
more variables. 

Uber eine spezielle ebene quadratische Trans- 
formation. L. Mitnyan. Periodica Polytech., 
No. 2, 1957, pp. 139-162. In German. Synthetic 
and analytic investigation of a particular quad- 
ratic relationship. 


Nondegenerate Surfaces and Fine-Cyclic Sur- 


faces. W Fleming. Purdue U., Dept 
Math., TN 3 (AFOSR TN 57-766) [AD 136756], 
Nov., 1957 18 pp. Consideration of Cesari’s 


decompositions for surfaces defined out of a fi 
nitely connected Jordan region, extended by 
Neugebauer to more general situations 

I—A Note on Non-Stable Cohomology Opera- 
tions. Franklin Peterson and Emery Thomas 
II—The Functional] Pontrjagin Cohomology Oper- 


ations. Emery Thomas. U. Calif., Dept. Math., 
TR2; TR3(AFOSRTN 57-695; TN 57-693) 
[AD 136717; AD 136686], Oct., 1957. 12; 23 


pp Presentation of two techniques for proving 
Steenrod’s functional cohomology operation, 
which may be useful in further studies of non 
stable cohomology operations, including an ex 
ample of the functional operations associated with 
those of Pontrjagin. 


Irreducible Generalized Surfaces. Wendell 
H. Fleming. Purdue U., Dept. Math., TN 2 

1FOSR TN 57-767) [AD 136757], Nov., 1957 
42 pp 23 refs. Continuation of Young’s ap 
proach to replace uniform convergence by Beppo 
Levi convergence of parametric representations 
and by weak convergence of certain associated 
linear functionals. 

Seminar in Topology. I, II. Chicago U., 
Dept. Math., Rep. (AFOSR TN 57-769, Pts. I, 
II 4D 136759)|, Summer, 1957. 50; 66 pp 
53 refs. Contents: A Relation Between Homot 
opy Groups and Cohomology Groups, J os 
idams. The Suspension of a Loop Space, W. D 
Barcus and J. P. Meyer. Higher Hopf Invari 
ants, M. G. Barratt. The Construction and 


Classification of Semisimplicial Bundles, M. G. 
Barratt, V. K. A. M. Gugenheim, and J. C. Moore 
Atomic Homology Structures, F. W. Bauer 
Homology of Prolonged Functors (Symmetric 
Products, a.o.), Albrecht Dold. Regular Map 
pings and Dimension, Eldon Dyer. Comological 
Dimension of Groups, Samuel Eilenberg On 


the Structure of Higher Differential Operators in 
Spectral Sequences, Edward Fadell. Abstract 
Theory of Pseudogroups, J. W. Gray. Gener 
i Manifolds, H. B. Griffiths. A Geometrical 
Interpretation of G. Whitehead’s Generalisation 
of H. Hopf’s Invariant, M. A. Kervaire. Ho 
motopy Type Embeddings, Franklin P. Peterson. 
I'wo Formulas Concerning Secondary Operations 
F. P. Peterson and N. Stein. On Classifying 
Immersions of Sk in Euclidean Space, S. Smale 
Homology of Cyclic Products, Richard G. Swan 

On Convergence of Mappings. G. T. Why- 
bu rn Va , Dept. Math. TN 4 (AFOSR TN 

709) |AD 136703), Oct., 1957. 16 pp. Study 
of sec suena of mappings from one locally com 
pact separable metric space to another. Empha 
sis is centered on the case of mappings with non 
compact domain and range spaces 


On a Theorem of Fuglede and Putnam. Mar- 
vin Rosenblum. Va , Dept. Math. TN 3 

1FOSR TN 57-637) [AD 136696), Nov., 1957. 
3 pp 

O Privedenii Nesamosopriazhennykh Opera- 
torov k Diagonal’nomu Vidu. A. Sakhnovich 
1N SSSR Dokl., July 21, 1957, pp. 462-465. In 
Russian. Study of the problem of reducing non 
selfadjoint operators to the diagonal form 


O Skhodimosti Riadov, Poluchaemykh pri Re- 
shenii Integral’ nykh P. 
P. Rybin AN SSSR Dokl., July , 1957, pp 
458-461 In Russian. Analysis + the con 
vergence of series obtained in solving nonlinear 
integral equations. 


O Sistemakh wrror Uravnenii. B. L. 
Rozhdest venskii. N SSSR Dokl., July 21, 1957, 
pp. 454-457. In Russian. Analysis of the possi 
bility of representing arbitrary systems of quasi 
linear equations by means of conservation laws 


Ob Analiticheskom Reshenii Zadachi Gursa >= 


alisec 


Sistemy Differentsial’nykh Uravnenii. V. 
Mikhailov. AN SSSR Dokl., July 21, i957, pp. 
150-453. In Russian. Derivation of an analyti- 


cal solution to the Goursat problem for a system 
of differential equations. 


O Povedenii Reshenii Sistemy Differentsial’- 
nykh Uravnenii v Okrestnosti Izolirovannogo 
Staticheskogo Resheniia. O. B. Lykova. AN 
SSSR Dokl., July 21, 1957, pp. 447-449. In 
Russian. Analysis of the behavior of solutions of 


a system of differential equations in the neighbor 
hood of an isolated static solution. 

O Predstavienii Chisel vy Vide Summy Prostogo 
Chisla i Stepeni Zadannogo Tselogo Chisla. 
A. F. Lavrik. AN SSSR Dokl., July 21, 1957, 
pp. 445, 446. In Russian Representation of 
numbers as a sum composed of a prime and a 
power of a given integer 

Chislennoe Reshenie Algebraicheskikh i Trans- 
tsendentnykh Uravnenii. M.S. Gornstein. AN 
SSSR Dokl., July 21, 1957, pp. 434-437. 10 
refs. In Russian. Derivation of a numerical 
solution of algebraic and transcendental equations 

Nekotorye Voprosy Garmonicheskogo Analiza v 
Odnorodnykh Konusakh. | Piatetskii-Sha 
piro. AN SSSR Dokl., Sept. 1957, pp. 181 
184. In Russian. Discussion “ some problems 
of harmonic analysis in homogeneous cones. 

Ob Opredelenii Obobshchennykh ae. 
A. D. Myshkis and A. Ia Lepin. AN SSSR 
Dokl., Sept. 11, 1957, pp. 177-180. 
Definition of generalized functions, 
account Sobolev's results 

O Printsipe Maksimuma Reshenii Sil’no Ellip- 
ticheskikh Sistem Vtorogo Poriadka. M. M. 
Lavrent’ev. AN SSSR Dokl., Sept. 11, 1957, pp. 
175,176. InRussian. Analysis of the maximum 
principle in the solution of strongly elliptical 
second-order systems 

Potentsial’no-Garmonicheskie Funktsiii Neko- 
torye ikh Prilozheniia. A.A. Kozmanova. AN 
SSSR Dokil., Sept. 11, 1957, pp. 171-174. In 
Russian. Derivation of potential harmonic func- 
tions and some of their applications. 

\Vyvod Uravneniia Obratnoi Zadachi Teorii 
N’iutonova Potentsiiala. A. . Kozmanova. 
AN SSSR _ Dokl., Sept. 1, 1957, pp. 21-23. 
In Russian. Derivation of the inverse-prob- 
lem equation in the theory of Newton's potential. 


K Teorii Catone Ischisleniia. V. A. 
Ditkin. AN SSSR Dokl., Sept. 1, 1957, pp. 15- 
17. In Mae as Analysis of the theory of opera- 
tor calculus. 


Novyi Sposob Priblizhennogo Vychisleniia 
Sobstvennykh Chisel Zadachi Sturma-Liuvillia. 
L. A. Dikii. AN SSSR Dokl., Sept. 1, 1957, pp. 
12-14. In Russian Development of a method 
for an approximate computation of eigenvalues in 
the Sturm-Liouville problem 


K Teorii Optimal’nykb Protsessov v Lineinykh 
Sistemakh. R. V. Gamkrelidze. AN SSSR 
Dokl., Sept. 1, 1957, pp. 9-11 In Russian. De- 
velopment of the theory of optimal processes in 
linear systems. 


K Zadache Anzaliticheskogo Prodolzheniia 
Glavnykh Reshenii Uravneniia Giperbolicheskogo 
Tipa s Osobymi Koeffitsientami. M. B. Kapile- 
vich. AN SSSR Dokl., Sept. 11, 1957, pp. 167- 
170. In Russian. Study of the problem of an- 
alytic continuation of the fundamental solutions 
of a hyperbolic-type equation with singular coeffi- 
cients. 

Asimptoticheskoe Povedenie Spektral’noi Ma- 
tritsy Operatora Teorii Uprugosti. M. Sh. Flek- 
ser. AN SSSR Dokl., July 21, 1957, pp. 470- 
472. In Russian. Study of the asymptotic be 
havior of the spectral operator matrix in the 
theory of elasticity. 


Otsenka Parametroy Zakona Raspredeleniia 
Sluchainoi Funktsii pri Ogranichennykh Aprior- 
nykh Dannykh. Iu. P. Leonov and L. A. Telks’- 
nis. Avtom.i. Telemekh., Nov., 1957, pp. 985- 
998. 10 refs. In Russian. Development of a 
method to determine parameters of a probability 
distribution of a random function at limited a 
priori data. 

On the Periodic Solutions of the Forced Oscilla- 
tor Equation. R. ! Rosenberg. Quart. Appl. 
Math., Jan., 1958, pp. 341-354. 22refs. Analy- 
sis of a single-degree-of-freedom system whose 
mechanical model might be a mass under the 
action of an “‘elastic force’’ and a simple harmonic 
forcing function of frequency w 


Solutions of the Helmholtz Equation for a Class 
of Non-Separable Cylindrical and Rotational Co- 


In 
taking into 


ordinate Systems. Vaughan H. Weston. Quart. 
Appl. Math., Jan., 1958, pp. 420-427. 
Integral’nye Kanonicheskie Predstavleniia 


Sluchainykh Funktsii i ikh Primenenie k 
leniiu Optimal’nykh Lineinykh Sistem. V. 
Pugachev. Aviom. i. Telemekh., Nov., 1957, on 
971-984. In Russian Integral canonical rep- 
resentations of random functions and their ap- 
plication to the determination of optimum linear 
systems. 


Addition Theorems for Solutions of the Wave 
Equation in Parabolic Coordinates. Harry 
Hochstadt. Pacific J. Math., Fall, 1957, pp. 
1,365-1,380. OSR-sponsored derivation of theo- 
rems using known addition theorems under a rota- 
tion of coordinates 


On Linear Systems with Integral Valued Solu- 
tions. I. Heller. Pacific J. Math., Fall, 1957, 
pp. 1,351-1,364. ONR-sponsored study. 


The Five-Point Difference Equation with Pe- 
riodic Coefficients. Tomlinson Fort. Pacific J. 
Math., Fall, 1957, pp. 1,341,-1,350. OOR- 
sponsored study of the general-solution form as af- 
fected by the periodic character of the coefficients, 
centered around the characteristic-equation roots 
and semiperiodic solutions. 
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YOU'RE 
NEVER IN THE 
“DOG HOUSE”’ 


Koppers helps improve community 
relations and employee morale by 
reducing aircraft testing noise. 
Whether your problem is a simple 
one or the reduction of a deafening 
roar to a whisper, Koppers has 

the solution. 


During 23 years of experience, 
Koppers has handled over 75% of 
all aviation sound control work 

in the United States and Canada. 


Write today for the booklet, The 
Sound of Power, based on Koppers 
new documentary film on the control 
of aviation noise. 

KOPPERS COMPANY, INC., 

5904 Scott Street, Baltimore 3, Md. 


*Koppers Trademark 
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PROPULSION SYSTEM 
PROJECT ENGINEERS 


Advancements in ballistic mis- 
sile and space vehicle design 
pose interesting problemsinthe 
integration of propulsion sub- 
systems to obtain satisfactory 
performance and reliability. 
Technical coordination with 
rocket engine manufacturers in 
the development of liquid fuel 
propulsion systems presents 
significant opportunities for 
the propulsion engineer. Space 
Technology Laboratories has 
positions in this field for en- 
gineers with five to ten years 
ofexperience in liquid fuel 
propulsion, preferably rocket 
propulsion. 


Inquiries regarding these 
positions are 


invited. 


SPACE TECHNOLOGY 
LABORATORIES 


A Division of 
The Ramo-Wooldridge Corporation 
5730 Arbor Vitae Street 
Los Angeles 45, California 
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Perturbation of Differential Operators. Henry 
P. Kramer. Pacific J. Math., Fall, 1957, pp. 
1,435. Extension of Schwartz's method to 
differential operators of higher order 
Representation a for Certain Func- 
tional Operators. R. E. Edwards. Pacific J. 
Math., Fall, 1957, pp. 1,333-1,339. Proof of gen- 
presentation theorems, based on the char 
acteristic properties of functional operators 
On the Casimir Operator. H. E me ge 
J. Math., Fall, 1957, pp. 1,325-1,331. 
OSR-supported presentation of a new de fnition of 
the Casimir operator for associative, Lie, and al- 
ternative algebras, which keeps the usual proper- 


K Voprosu o Predstavienii Nekotorykh Klas- 
sov Analiticheskikh Funktsii. K. A. Fishman 
4N SSSR Dokl., July 21, 1957, pp. 466-469 In 

Discussion of the representation of 
classes of analytical functions 


A Note on a Class of Problems in ‘Normal’ Mul- 
tivariate Analysis of Variance. S. N. Roy and J 
Roy f oe: Inst. Statistics MS 184 (AFOSR 

N 57-749) [AD 136737], Nov., 1957. 7 pp 

A Single-Sample Multiple-Decision Procedure 
for Selecting the Multinomial Event Which has 
the Highest Probability. R. E. Bechhofer, S. 
Elmaghraby, and N. Morse. Cornell U. Mech. 
i Rep. 12 (AFOSR.TN 57-710) [AD 136704), 
Dec., 1957. 26 pp. 


Russian 


certain 


Mechanics 


Oo Klasyfikowaniu Mechanizméw. Jan Oder- 
feld irch. Budowy Maszyn, No. 3, 1957, pp 
367-374 In Polish, with summaries in English 
and Russian. Structural classification of plane 
mechanisms using Diofantos linear equations 


K Zadache o Dvizhenii Tiazhelogo Tverdogo 
Tela s Odnoi Nepodvizhnoi Tochkoi. V. V 
Rumiantsev AN SSSR Dokl., Sept. 11, 1957, 
pp. 185-188 In Russian. Study of the problem 
f a heavy solid body with a fixed point 


Meteorology 


de la Atmésfera Superior. Lo- 
ren Garcia de Pedraza. Rev. Aero., Oct., 1957, 
pp 771 779. In Spanish. Survey of meteoro 
logical data of the upper atmosphere. 

Analyse des Inégalités des Champs de Vitesse 
de | *"Atmosphére. Louis Frager (Congrés 
tern Fusées & Engins-Guidés, Paris, Dec. 3 
195 Fusées, May, 1957, pp. 133, 134. 4 
: Analysis of velocity-field irregularities 
in the atmosphere. 

~~ in Upper-Level Wind Forecasts. Hugh 
W lsaesser. AMS Bul., Nov., 1957, pp. 511- 

Investigation of errors in prognostic winds 
at standard pressure levels from 700 to 100 mb., 
2 comparison of errors resulting from conven 

forecasting techniques, persistence, and 
ogy Includes a discussion of inherent 
errors due to operational techniques. 


Military Aviation & Armament 


Simultaneous Attacks by a Flight of Fighter- 
D. F. Goldyrev. Vesinik Vozdush- 
, No. 1, 1957, pp. 10-13. Translation 

pes po het Interception with the Help of a 
Vertical Maneuver. Ye. S. Petrov Vestnik 
Vosdushnogo Flota, No. 1, 1957, pp. 6-9. Trans- 


Interception of an Air Target by a Pair of Fight- 
ers L. I. Savichev. Vestntk Vosdushnogo Flota, 
No 1957, pp. 7 10. 

‘*Fledermaus’’, ein radargesteuertes, vollauto- 
matisches Feuerleitgerét. A. F. Braun. Flug 

& -Technik, Nov., 1957, pp. 303-307 4 
Description of the “‘Fledermaus,’’ a 
r controlled, completely automatic fire-direct 
levice, with details of the electronic analog 
iter and radar installation for its verification 
r field conditions 

Attacking Ground Targets with Rocket Mis- 
siles. | K. Mironov Vestnik Vozdushnogo 
Flota, No. 3, 1957, pp. 11-13. Translation. 

The Development of the Talos Land-Based 
System. D. Holmes. JAS 26th Annual 


German 


Meeting, New York, Jan. 27-30, 1958, Pre print 
804. 7 pp. Members, $0.35; nonmembers, 
$0.75. Performance and design characteristics of 


4 ground-to-air weapon system employing many 
automatic techniques to minimize manning re- 
uirements and to improve reliability. 

Air-to-Air Firestreak is Designed for Simple 
Aerodynamic Control. Irwin Stambler. Av. 
ige, Jan., 1958, pp. 98-103. Design characteris- 
tics of the de Havilland infrared missile. 

AA Evasion Maneuver While Bombing with the 
Aid of i -Finder System. I. P. Petrukhin 
Vestnik Vozdushnogo Flota, No. 1, 1957, pp. 14-20. 
rranslation. 

Logistique Souterraine des Bases de Fusées et 
d’Engins-Guidés. Edouard B.-Winandy Fu- 
sées, Oct., 1956, pp. 171-178. 17 refs. In French. 
Evaluation of underground logistics of rocket and 
guided-missile installations. 


Réalisation d’un Emetteur pour le Téléguidage 
d’Engins Anti-Aériens. Gustav Guanella. 


(Congrés Internatl. Fusées & Engins-Guidés, Paris, 
Dec. 3-8, 1956.) Fusées, May, 1957, pp. 141-148. 
In French evelopment of a radio-guidance 
system for antiaircraft missiles. Includes details 
of the design, installation, and operation. 

Britische Flugabwehr-Fernlenkwaffen. R. 
Schulz. Luftfahrttechnik, Nov. 15, 1957, pp. 251- 
255. In German. Survey of British guided 
weapons. 


Missiles 


Special | Issue: Ground Support Equipment. 
Missiles & Rockets, Jan., 1958, pp. 69-122. Par 
tial Contents: Billion Dollar Industry by 1960, 
Seabrook Hull. Weapons System Support Activ- 
ities, Joseph Dresner. Roundup of Surface 
Equipment Contractors. The Army Engineer 
Center, C. M. Parkin, Jr. What Can Industry do 
to Simplify Missile Ground Handling Support, R 

Wald. Can the Missile Industry Build En- 
gines by the Book, James Joseph. Why Specifica- 
tions are Vital in the Missile Industry, K. E. 
Barnes. A New Ground Handling Systems Con 
cept, W. R. Stumpe How Feasible are Electrical 
Drives for Missile Support Equipment, K. W 
Carlson and W. E. Gray. 

Booster Propulsion for Space Vehicles. R.S 
Wentink. IAS 26th Annual Meeting, New York, 
Jan. 27-30, 1958, Preprint 828. 15 pp. Mem- 
bers, $0.50; nonmembers, $0.85. Analysis which 
concludes that it is possible to provide a propulsion 
system for a ‘‘booster’’ vehicle for space flight, de- 
signed for flight between the Earth and a per 
manent satellite space station, at the current state 
of the art 

L’Engin Semi-Balistique. Camille Rougeron 
L'Air, Jan., 1958, pp. 10-14. In French. De- 
scription of the semiballistic missile, with details 
of its development and operating characteristics 

Gedanken zur Sowjetischen Raketentechnik, 
Gerhard Siegmund. Flug-Revue, Dec. 12, 1957, 
pp. 8-11. In German. Survey and discussion 
of the rocket development in USSR. 

Air Missile Weapons. III—Remote Control 
Systems of Missile Flight. V. M. Volchkov. 
Vestnik Vosdushnogo Flota, No. 2, 1957, pp. 46- 
58. Translation. 


Le Guidage des Engins aux Grandes Distances, 
Pierre Gaudillere. (Journée d'Etudes Fusées & 
Engins-Guidés, Paris, Oct., 1955 ) Fusées, June, 
1956, pp. 45-49. In French. Review of long- 
range missile guidance systems, including visual, 
radio, radar, and inertial guidance and gyroscopic 
and celestial reference 

Le Guidage Radioélectrique des Engins et le 
Systéme Radio-Mailles. P. Gaudillere. Fusées, 
Dec., 1956, pp. 219-225. InFrench. Discussion 
of radioelectric missile guidance, including the 
radio-mesh system, and description of techniques 
and applications 

Intelligence Sources for Guidance. Arthur S. 
Locke. (JAS 26th Annual Meeting, New York, 
Jan. 27-30, 1958, Preprint 803.) Aero. Eng. 
Rev., Mar., 1958, pp. 45-49. Discussion of vari- 
ous systems used in both aerodynamic and ballis- 
tic missiles to supply information both as to the 
behavior of the missile and the location and be- 
havior of the target Emphasis is placed on the 
intelligence which must be obtained from the 
target. 

Samonavedenie kak Zadacha 
Kibernetiki. A. S. Kel’zon. AN SR Dokl., 
Oct. 21, 1957, pp. 933-936. In il ny Analy- 
sis of self-aiming as a problem of engineering cy- 
bernetics, with a review of previously obtained re- 
sults, and application of Tsien Hsue-Shen’s prin- 
ciple. Includes analysis of the dynamics of ideal 
and real motion and derivation of appropriate 
equations. 


Minimality for Problems in Vertical and Hori- 
zontal Rocket Flight. Stanley Ross. Jet Pro- 
pulsion, Jan., 1958, pp. 55, 56, Determination of 
a condition by whose satisfaction the entire tra- 
jectory furnishes a stationary path and a true 
local minimum, considering two cases: sounding 
rocket and Hibb’s problem of optimum horizontal 
flight. 

The Dynamics and Certain Aspects of Control 
of a Body Re-Entering the Atmosphere at High 


Speed. Joseph D. Welch and S. L. Shih. JAS 
26th Annual Meeting, New York, Jan. 27-30, 
1958, Preprint 818. 11 pp. Members, $0.50; 


nonmembers, $0.85. Discussion of some of the 
considerations and techniques applicable to the 
analysis of the re-entry problem. Emphasis is 
placed on the large angular motion which may oc- 
cur when the body first encounters significant 
atmospheric density. 

Criteria for Orbital Entry. Louis G. Vargo. 
Jet Propulsion, Jan., 1958, pp. 54, 55. Discus- 
sion of criteria for the radial distance at which the 
payload reaches a minimum for a fixed initial 
weight. 


Navigation 


Méthodes Modernes de Navigation Aérienne, 
J. Carpentier. Docaéro, Nov., 1957, pp. 33-52. 
In French. Survey of modern methods of naviga- 
tion including dead reckoning, radio, inertial, and 
astronavigation, 


A beryllium test program designed by 
Division engineers helped Lockheed fly the 
first missile with a structural component 


A report to Engineers and Scientists fabricated from the high temperature metal. 
ie A Called the “hottest” material prospect of the 
from Lockheed Missile Systems a Space Flight Age, beryllium is tested for creep 
rupture in an argon chamber to protect 
where expanding missile programs personnel from the material’s toxic dust and 


oxide. The metal was heated to 1400°F by 
electrical resistance while under a 


insure more promising careers tend of 


Other areas of activity in structures analysis 
and test include thermal buckling and stress, 
structural optimization in the 
time-temperature environment, and 
structural loads and dynamics. 


BERYLLIUM CREEP TESTS LEAD TO 
PIONEER FLIGHT WITH LOCKHEED MISSILE 


Progress on advanced activities like the 
beryllium tests is made possible through 
combined efforts of the Division’s creative 
talent. Moreover, the ideal scientific 
environment is provided by our multi-million 
dollar research and development laboratories 
near Stanford University. And these 
activities and facilities will continue to grow 
as more emphasis is put on missile’s role 

in U.S. defense. 

This means your opportunities for rapid 
advancement are better now with Lockheed 
Missile Systems. Inquire today about openings 
for qualified scientists and engineers in: 
Structures, Aerodynamics, 
Thermodynamics, Propulsion, Guidance, 
Gas Dynamics, Flight Controls, 
Instrumentation, Systems Integration, 
Human Engineering. 

Write M.W. Peterson, Research and 
Development Staff, Sunnyvale 46, California. 


MISSILE SYSTEMS 


A DIVISION OF LOCKHEED 
AIRCRAFT CORPORATION 


SUNNYVALE+ PALO ALTO VAN NUYS 
SANTA CRUZ- CALIFORNIA 


Lou Riedinger, Strength Section Head, left, 
is pictured with Reg Foster, Head of the Weights 
Section, inspecting results of a recent test. 


¢ * 
‘ 
4. 
| 
le 
e a 
3 
€ 

i- 
0- 
of 
a- * 
ol 
is — 
0, 
0; 
he @ 
he 
is 
0. 
he 
ial € 
ne. 
52. 
ga- 
nd 


Electronic Aids 


Bord-Funknavigation nach dem _ Doppler- 
Prinzip. R. W. Schulz. Luftfahrttechnik, Aug 
15, 1957, pp. 185-187. In German. Evaluation 
of radio nav igation systems based on Doppler’s 
principle. 

Special Features of a Landing Approach “— 
the Aid of a Gyro-Induction Compass. 
Mikhaylov. Vestnik Voszdushnogo Flota, No 
1957, pp. 21-23. Translation. 


Traffic Control 


Automatisierung der Bewegungskontrolle in 
der Flugsicherung. W. Spiegel. Luftfahrttechnik 
Aug. 15, 1957, pp. 187-189. In German. Eval 
uation of traffic control automatization in terms 
of safety requirements. 

The Role of Radar in Air Traffic Control 1953- 
1963. John H. Hilton. IAS 26th Annual Meet 
ing New York, Jan. 27-30, 1958, Preprint 800 
5 pp. Members, $0.35, nonmembers, $0.75 
Evolution of the radar program, showing its prog 
ress in traffic handling capacity in terminal areas 

Hacia el Control Automatico del Trafico Aéreo. 
Rev. Aero., Aug., 1957, pp. 662-667. In Spanish 
Discussion of the automatic traffic control. 


Photography 


Primenenie Aerometodov pri Izuchenii Land- 
shaftov. B. V. Vinogradov, I Volkov, V. P 
Miroshnichenko, and A. S Preobrazhenskii AN 
SSSR Vestnik, Jan., 1957, pp. 23-29. In Rus- 
sian. Discussion of methods of aerial photog 
raphy and its application. 

On the Effect of Granularity on Dynamic Range 
and Information Content of Photographic Record- 
ings. Leo Levi. OSA J., Jan., 1958, pp. 9-12 
WADC-sponsored research. 


Physics 


Special Issue: IGY Instruction Manual. I- 
Ozone. II—Aurora and Airglow; Auroral 
Photography by All-Sky Camera. C. T. Elvey 
W. Stoffregen, A. Belon, S. Chapman, and N 
Herlofson. III—Antarctic Radio Communication 
Manual. A. H. Sheffield. IGY Ann., Vol 
Pts. I, 11, III, 1957. 244 pp. 15 refs. Partial 
Contents: The Calculation of the Vertical Dis 
tribution of Ozone by the Gétz Umkehr-Effect 
(Method A), G. F. Walton. The Calculation of 
the Vertical Distribution of Ozone by the Gétz 
Umkehr-Effect (Method B), K. R. Ramanathan 
and J. V. Dave. Observers’ Handbook for the 
Ozone Spectrophotometer, G. M. B. Dobson. 
Radio Operating Procedure. Radio Stations in 
Alphabetical Order. Call Signs in Alphabetical 


Order. Complete Details of Antarctic Radio 
Stations. Extracts from Recommendations of 
Antarctic Conferences. Regular Services of 


Time Signals, Standard Frequencies, ETC. IGY 
Warning Messages. 

Special Issue: IGY Instruction Manual. 
—Geomagnetism. VI—Seismology. 
Rothé. VIICosmic Radiation. Ann., 
Vol. IV, Pts. 1V, V, VI, VII, 1957. 393 pp. 30 
refs. 

Special Issue: IGY Instruction Manual. 
I—Nuclear Radiation; Techniques for Radio- 
activity Measurements. II—Aurora and Airglow. 
ItI—Longitudes and Latitudes. [GY Ann., Vol 
IV, Pts. 1,11, 111, 1957. 201 pp. 15 refs. 


Special Issue: Radio Astronomy. JRE Proc., 
Jan., 1958, pp. 1-355. 901 refs. Partial Con 
tents: Introduction to Radio Astronomy, F. T 
Haddock. Considerations in High-Sensitivity 
Microwave Radiometry, Peter D. Strum A 
Broad-Band Microwave Source Comparison 
Radiometer for Advanced Research in Radio 
Astronomy, F. D. Drake and H.I. Ewen. Radio 
Telescope Antennas of Large Aperture, John D 
Kraus. Radio Interferometry of Discrete 
Sources, R. N. Bracewell. A Method of Calibrating 
Centimetric Radiometers Using a Standard Noise 
Source, J.S. Hey and V. A. Hughes. A Dynamic 
Spectrum Analyzer for Solar Studies, J. Goodman 
and M. Lebenbaum. A Swept-Frequency Inter 
ferometer for the Study of High-Intensity Solar 
Radiation at Meter Wavelengths, J. P. Wild and 
K. V. Sheridan. The Distribution of Cosmic 
Radio Background Radiation, H.C. Ko. Spectral 
Lines in Radio Astronomy, A. H. Barrett, Radar 
Echoes from the Moon at a Wavelength of 10 CM, 
B.S. Yaplee, R. H. Bruton, K. J. Craig, and N.G 
Roman. An Investigation of the Perturbations 
Imposed Upon Radio Waves Penetrating the 
Ionosphere, Robert S. Lawrence. Some Meas- 
urements of High-Latitude Ionospheric Absorp 
tion Using Extraterrestrial Radio Waves, C. G 
Little and H. Leinbach. Cosmical Electrody- 
namics, J. H. Piddington. 

Mezhdunarodnyi Geofizicheskii God. 
Khrgian and A. S. Britaev. Uspekhi Fiz. Nauk, 
Aug., 1957, pp. 475-483. In Russian. General 
description of the International Geophysical Year 
program, with details of its organization and goals 

Koordinatsiia Issledovanii po Programme 
Goda. Iu 
D. Bulanzhe. AN SSSR Vestnik, Jan., 1957, pp. 
55-59. In Russian. General discussion of the 
International Geophysical Year. 


A. Kh 
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L’Exploration de la Haute Atmosphére a 1’E- 


tranger et en France. E. Vassy (Journées 
l’Etudes Fusées & Engins-Guidés, Paris, Oct., 
1955. Fusées, June, 1956, pp. 13-16 In 
French. Historical survey of the upper atmos- 


phere research and review of methods used in 
France and other countries 
Nekotorye Voprosy Fiziki Ionosphery. I— 
Fluktuatsiia Elektronnoi Plotnosti i Rasseianie 
Radiovoln. Ia. L. Al’pert. Uspekhi Fiz. Nauk, 
Mar., 1957, pp. 423-450. 19 refs. In Russian 
Discussion of physical aspects of the ionosphere 
neluding the fluctuation of electron density and 
radio-wave propagation 
Proiskhozhdenie Kosmicheskikh Luchei. V 
Ginzburg Uspekhi Fiz. Nauk, June, 1957, pp 
7-98. 75 refs. In Russian. Study of the ori 
in of cosmic rays based on radioastronomical and 
other experimental data. 


Rasprostranenie Voln v 


Plazme (Ionosfere). B. N. Gershman, V. L 
Ginzburg, and N. G. Denisov. Uspekhi Fiz 
Vauk, Apr., 1957, pp. 561-612. 73refs. In Rus 


s Investigation of the diffusion of electro- 
magnetic waves in the ionosphere 


Issledovanie Magnitnogo Polia Zemli na Iskus- 


stvennykh Sputnikakh i Raketakh. N Push- 
kov and S. Sh. Dolginov. Uspekhi Fiz. Nauk, 
645-656. 20 refs In Russian 


Dec., 1957, pp 
Analysis of geophysical and technical aspects of 
geomagnetic measurements to be obtained from 
rocket and artificial-satellite vehicles. Includes 
survey of basic problems and of measuring instru 
ments and techniques 


Modelli Analogici. Carlo Ferrari. (Atti Con- 
g li Venezia, Oct. 1-4, ) Tort 
Polytech. Inst., Aero. Lab., Monograph 406, 
195¢ 184 pp. 93 refs. In Italian. Evalua- 
tion of various analogies emphasizing basic con- 
cepts of electrodynamics, mechanics, elasticity, 
hydraulics, acoustics, and heat transfer. 
O Tipakh Kolebanii Plazmy v Magnitnom Pole. 


S. I. Braginskii. AN SSSR Dokl., July 21, 1957, 


pp. 475-478. 13 refs. In Russian. Analysis of 

vibration types of plasma in a magnetic field 
Metod Funktsionalov v Kvantovoi Teorii 

Pelle. Iu. V. Novozhilov and A. V. Tulub 


l khi Fiz. Nauk, Jan., 1957, pp. 53-102. 53 
refs. In Russian. Development of a functional 
method in the quantum theory of fields 


Evolution et Incertitude de la Théorie du 
Champ Unifié. M. Jean Hely. Fusées, Dec 
1956, pp. 209-212. In French. Discussion of 
the evolution and uncertainty of the unified-field 
theory 

Die Messung der Reflexionseigenschaften 
kiinstlicher und natiirlicher Materialen mit quasi- 
optischen Methoden bei Mikrowellen. Karl- 
heinz Brocks. DVL Bericht No. 27, Oct., 1957. 
68 pp. Westdeutscher Verlag, Kéln & Opladen. 
In German. Measurements of the reflection 
properties of plane surfaces using a Michelson 
interferometer for microwaves. Includes descrip- 
tion of test equipment and techniques. 

O Kolebaniiakh Zhidkostiv Polos- 
tiakh. G.S. Narimanov. N SSSR Otd. Tekh. 
Nauk Izv., Oct., 1957, pp. 71- 7 In Russian. 
rheoretical analysis of the motion of a liquid in a 
partly filled cavity of a solid body based on pre- 
viously derived equations. 


Zavisimost’ Znaka Dvoinogo Lucheprelomleniia 
v Potoke ot Kontsentratsii Rastvora Polimera. 
E. V. Friman and E. N. Arkhipova. AN SSSR 
Dokl., 1957, pp. 491-493. 15 refs. In Russian. 
Determination of the birefringence sign in a flow 
as influenced by the concentration of the polymer 
solution, 


V. V. Sobolev. AN SR Dokl., Sept. 1, 1957, 
pp. 45-48. In Analysis of prob- 
lem of radiation diffusion in a semi-infinite me- 
dium, 

Korreliatsionnaia Teoriia Elektricheskikh Fluk- 
tuatsii i Teplovogo Izlucheniia. S. M. Rytov. 
Uspekhi Fiz. Nauk, Dec., 1957, pp. 657-672. 43 
refs. In Russian. Dev elopment of the correla- 
tive theory of electric fluctuations and heat radia- 
tion 


Beowwian Motion on a Green Space. J. L. 
Doob. (Teortia Verotatnosti i ee Primenenie, No. 
1, 1957.) U. Ill. Rep. (AFOSR TN 56-573) 

1D 110395), Oct. 31, 1957. 33 pp. Transla- 
tion. Analysis of stochastic processes with non- 
constant lifetimes, definition and examples of 
Brownian motion, and presentation of the Mart- 
ingale theorems and the Dirichlet problem. 


Stestennoe Padenie Shara v Tsilindricheskoi 
Trubke. . B. Rozenbaum and O. M. Todes. 
AN SSSR Dokl., July 21, 1957, pp. 504-507. In 
Russian Study of the restrained fall of a solid 
sphere in a cylindrical tube filled with a viscous 
fluid, using the similarity rule. 


O Metod& Aproximativ& Pentru Studiul Scur- 
gerii Stationare Plan-Radiale a unui Amestec de 
Lichid gi Gas Printr-un Mediu Poros. T. Orove- 
anu. Stud. Cerc. Mec. Aplic., No. 2, 1957, pp. 
541-546. In Rumanian, in 
Russianand French. Development of an approxi- 
mate method for the study of stationary flow of a 
liquid-gas mixture through porous media. 


Dal’neishie Soobrazheniia o Fizicheskoi In- 
terpretatsii Preobrazovanii Lorentsa. L. Iano- 


shi. Uspekhi Fiz. Nauk, May, 1957, pp. 149-181 
In Russian. Discussion of the physical interpre- 
tation of Lorenz transformations and extension to 
problems of solid-body dynamics. 

Ob Ustoichivosti Neravnomerno Nagretoi Zhid- 
kosti v Sharovoi Polosti. E. M. Zhukhovitskii 
Prikl. Mat.i Mekh., Sept.-Oct., 1957, pp. 689-693 
In Russian. Study of the stability of a nonuni- 
formly heated liquid in a spherical cavity. 

Diffuzionnaia Poristost’ vy Metallakh i Splavav. 
Ia. E. Geguzin. Uspekhi Fiz. Nauk, Feb., 1957, 
pp. 217-247. 67 refs. In Russian. Experi- 
mental investigation of the diffusion porosity proc- 
ess and of some related phenomena. 

O Prichinakh Raskhozhdenii Mezhdu Kineti 
cheskoi Teoriei Vysokoelastichnosti i Opytom- 
L. S. Priss.) AN SSSR Dokl., Sept. 11, 1957, pp. 
225-228. 18refs. InRussian. Discussion of the 
causes of discrepancies between the kinetic theory 
of high elasticity and experiment 


Power Plants 


Atomic 
Zur Frage der Verwendbarkeit re 
klearer Reaktionen in Raketen. II J. Kaep 


peler. Raketentech. & Raum ‘shattreck , Jan., 
1958, pp. 13-19. In German. Discussion of the 
application of thermonuclear reactions to rocket 
propulsion systems 

L’Energie Atomique et la Propulsion par Réac- 
tion. Albert Ducrocq. Fusées, Dec., 1956, pp 
213-217. In French. Analysis of the applica- 
tion of nuclear energy to propulsion systems point- 
ing out its future importance in interplanetary 
flight. 

A Propos des Fusées Nucléaires Thermody- 
mamiques. Iréne Sanger-Bredt. Fusées, Oct., 
1956, pp. 111-113. In French. Discussion of 
nuclear thermodynamic rocket power plants with 
emphasis on the transmission of energy. 

Ion Propulsion: Electric Power for Space 
Flight. Kurt R. Stehling Age, Jan., 1958, 
pp. 38-40, 42,43. Discussion of the principles of 
ion propulsion and methods for its practical ap- 
plication. 


Jet & Turbine 


Reaktivnye Samolety Nashikh Dnei. I. Mer- 
kulov. Kryl’ia Rodiny, Sept., 1957, pp. 17-19. 
In Russian. Discussion of some characteristics of 
modern jet aircraft and of their future trends. 

Strahlturbine SNECMA ATAR-9, ein Trieb- 
werk fiir Interceptoren und Uberschallflugzeuge. 
Flugwelt, Jan., 1958, pp. 25, 26. In German. 
Description of the SNECMA ATAR 9 turbojet 
for supersonic aircraft 

Modelirovanie Rezhimov Turbiny Tiazhelym 
Gazom. V. A. Tselikov. AN SSSR Otd. Tekh. 
Nauk Izv., Oct., 1957, pp. 19-27. In Russian. 
Study of the application of a heavy gas (with a 
small constant R and low temperature) as working 
medium in turbine scaling. 


Les Moteurs Rolls-Royce ‘‘Avon.’’ James 
Hay Stevens. Air Revue, Dec., 1957, pp. 669- 
673. In French. Description of the _ Rolls- 


Royce Avon. 
Sur la Combustion dans un Ecoulement Gazeux 


Permanent ou Varié. Max Serruys. (Congres 
Internatl. Matériaux Av. & Projectiles-Fusées, 
Paris, Mar. 28-Apr. 1, 1955.) Fusées, June, 


1956, pp. 23-33. In French. Combustion an- 
alysis of a steady or varying gas stream, assuming 
a one-dimensional, laminar, nonviscous flow and a 
rigid duct profile. 

The Fundamental Bending Frequency of Axial 
Compressor Blades in Case of Elastic Fixing. 


E. R&cz. Periodica Polytech., No. 1, 1957, pp. 
51-61. Development of a method to determine 


the vibration failures of axial compressor blades, 
taking into account the elasticity of blade fixing 
as well as centrifugal force field effects. Includes 
application of Rayleigh’s method to compute the 
fundamental bending frequency. 


Ob Odnoi Vozmozhnosti Umen’sheniia Dlinny 
Ezhektora. V. I. Polikovskii, R. G. Perel’man, 
and Iu. A. Ivanov. Teploenergetika, Sept., 1957, 
pp. 23-26. In Russian Development of a 
method for reducing the overall length of an ejec- 
tor and presentation of experimental results 


Operation of Aircraft Fuel System Under Win- 
ter Conditions. V. M. Zelentsov. Vestnik Vos- 
dushnogo Flota, No. 1, 1957, pp. 60-62. Transla- 
tion. 


Fuel Systems and High Speed Flight. S. R. 
Tyler and H. G. Turner. Shell Av. News, Nov.’ 
1957, pp. 14-18. Discussion of fuel systems in 
which cooling is required. Emphasis is placed on 
systems where heat is retained in the pipeline un- 
til the fuel is discharged into the engine, not allow- 
ing any fuel to return to low pressure zones. 


Reversible Thrust Systems in Turbojet 
Engines. V.F. Pavienko. Vesinik Vozdushnogo 
Flota, No. 3, 1957, pp. 55-64. Review of the 
main development trends of turbojet reversible 
systems. 


K Voprosu o Faktorakh, Opredeliaiushchikh 
Srok Sluzhby Lopatok Gazovykh Turbin. V. A 


ANOTHER 


ADEL 


ACHIEVEMENT 


New Electric Motor Driven 
Hydraulic POWER PACKAGE 
For Guided Missiles 


POWERFUL + SMALL + COMPACT 
RELIABLE + LIGHTWEIGHT 


SUPERIOR PERFORMANCE 


eveloped, qualified and produced 
et or exceed exacting specifications. 


Research 


Design 


Development ( 


PRECISION 
PRODUCTS 


A DIVISION OF GENERAL METALS CORPORATION 
BURBANK, CALIFORNIA 


Qualification Testing 
Precision Production 


DISTRICT OFFICES: MINEOLA ¢ DAYTON e¢ WICHITA ¢ TORONTO 
ADEL designs and manufactures aircraft products in the following major categories: 


Hydraulic & Pneumatic Anti-Icing, Heater & 
Control Equipment Fuel System Equipment 


Engine 
Accessories 


Hi-Temp Manual & 
Solenoid Operated Valves 


Electric Motor Driven 
Hydraulic Power Packages 
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Parfenov. Teploenergetika, Sept., 1957, pp. 19-22 
In Russian. Discussion of factors affecting the 
lifetime of gas-turbine blades. 


Ram-Jet & Pulse-Jet 


Ram-Jets. R. P. Probert. The Engr., Dec 
13, 1957, pp. 867, 868. Discussion of intake op 
erating and combustion problems along with 
ground and flight development problems. 

Ramjet Development. R. P. Probert. Flight, 
Dec. 27, 1957, pp. 982-985. Abridged. Discus 
sion of some performance and design factors, in 
cluding intake operating problems and some 
ground and flight testing programs 

Scientists Study Mach 7 Ramjet Theory. 
Robert H. Cushman. Av. Week, Jan. 6, 1958, pp 
57-63. Discussion of a standing detonation wave 
ram-jet being studied at the University of Michi 
gan. Advantages include simplification of the 
inlet diffuser section, since the burning occurs at 
nearly full flight speed, and a shortened combus- 
tion chamber with no need for an ignition device 


Rocket 


Motores Cohete.I,II. Placido Miguel Viarnes 
Asoc. Argent. Interplan. Rev., Apr.-June; July 
Dec., 1957, pp. 22-32; 43-52. In Spanish. Dis 
cussion of rocket power plants, with details of 
their design and operation. 

Solid Propellant Rocket Motors. E. T. B 
Smith. Brit. Interpl. Soc. J., Oct.-Dec., 1957, pp 
198-211. Discussion of various propellant types 
and different methods for designing the charges; 
includes erosion and instability, as well as the 
design of case components. 


Solid Propellants and the Conquest of Space. 
Harold W. Ritchey Astronautics, Jan., 1958, 
pp. 39-41, 75-77. Discussion of the present state 
of solid-propellant rocket technology as compared 
to liquid propellants. 

Les Moteurs de Fusée a Propergols Liquides. 
M.-J. Zucrow. (Congres Internatl. Matériaux Av 
& Projectiles-Fusées, Paris, Mar. 28-Apr. 1, 
1955.) Fusées, June, 1956, pp. 35-43. In 
French. Comprehensive analysis of liquid rocket 
propulsion, including details of power-plant de- 
sign, heat exchange, cooling, and other data. 

Das erste britische regelbare Raketentriebwerk 
de Havilland Spectre fiir Uberschallflugzeuge 
W. Rentrup. Flugwelt, Jan., 1958, pp. 26-28. In 
German. Description of the de Havilland Spec- 
tre, the first British rocket-propulsion unit for 
supersonic aircraft. 


Aspects of Vanguard Propulsion. Kurt R. 
Stehling. Astronautics, Jan., 1958, pp. 44-47, 68 
Review of previously established techniques as 
well as of new approaches for finding an answer to 
major technical problems, including results in 
high flame temperature. 

French Rocket Power Units. The Engr., Dec 
27, 1957, pp. 946, 947. Presentation of data on 
French S.E.P.R. 481, 66, and 732 power units. 

Sur l’Adaptation des Matériaux aux Moteurs- 
Fusées. I—Généralités et Introduction. II— 
Propriétés des Matériaux Utilisés Expérimentale- 
ment. Jean Venturini. (Congrés Internatl. Ma 
tériaux Av. & Projectiles-Fusées, Paris, Mar. 28- 
Apr. 1, 1955.) Fusées, June, 1956, pp. 65-90 
52refs. In French. Analysis of the requirements 
of material selection and application to solid and 
liquid rockets. 


Thermodynamique des Fusées. Eugen Sin- 
ger. Fusées, June, 1956, pp. 17-22. In French 
Approximate calculation of thrust and fuel con 
sumption of rocket power plants under the as- 
sumption that the behavior of combustion gases is 
similar to that of an ideal gas. 


Quelques Considérations sur le Refroidisse- 
ment Pelliculaire des Moteurs Fusées. M. J 
Zucrow and A. R. Graham. Fusées, Dec., 1956 
pp. 279-293. 26 refs. In French. Investiga- 
, tion of the film cooling of rocket engines. 


Production 
Special Issue: Design Digest. Prod. Enz., 
Mid-Oct., 1957. 710 pp. Includes: general 
engineering; metals and alloys; nonmetallic 
materials; fabrication processes; mechanical 


parts and design analysis; fastening and joining; 
motors, engines, and controls; electrical and elec- 
tronic components; and hydraulic and pneu- 
matic equipment. 

Effect of Inspection Errors on Waste and on 
Quality of Outgoing Product. J. Edward Jack- 
son. Ind. Qualtty Control, Dec., 1957, pp. 5-8. 

Vergleich der Betriebswirtschaftlichkeit von 
Flugzeugen mit Strahiturbinen und Luftschrau- 
benturbinen. R. M. Clarkson and D. R. New- 
man. Luftfahrttechnik, Nov. 15, 1957, pp. 245- 
248. In German. Comparative analysis of the 
cost involved in producing turbojet and turboprop 
aircraft. 

High-Strength Welded Structures. 
Alsobrook. Aircraft Prod., Jan., 1958, pp. 20-26. 
Discussion of built-up components.as an alterna- 
tive to large forgings and integral units. 

Building the Vulcan. Flight, Dec. 13, 1957, 
pp. 923-98 927, cutaway drawing. Discussion of 
assembly techniques for the Avro-built bomber. 
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Metalworking 


Verhalten von Metallklebverbindungen. Karl 
Wellinger and Ulrich Rembold. VDI Zeitschrift, 
Jan. 11, 1958, pp. 41-46. 13 refs. In German 
Results of investigations of the behavior of glued 
metal bonds. 

Klejenie Metali. II. Tadeusz Wislicki. Tech. 
Lotnicza, Sept.-Oct., 1957, pp. 146-154. In 
Polish Discussion of various metal-bonding 
techniques. 

Induction Heating for Forging. P. E. Ham- 
marlund and Y. Sundberg ASEA J., No. 10, 
1957, pp. 127-134. Discussion of the theory of 
induction heating, including its advantages and 
disadvantages, and presentation of some exam- 
ples of actual installations 

Evaluation of Tests for Forgeability. 
Draper 


13 refs 


Alan B. 
Metal Treat., Dec., 1957, pp. 495-502 
Study which defines the three criteria of 
forgeability as: (1) the flow stress or internal 
friction, (2) the ductility, and (3) the friction co- 
efficient or external frictional resistance. The two 
major variables which affect these three char- 
acteristics are the forging temperature and, partic- 
ularly for certain types of materials, the forging 
speed 

Numerically Coztrolled Milling. Leon E. 
Laux. Ind. Aeroncutics, Dec., 1957, pp. 14-16. 
Discussion on the use of a_ three-dimension, 
punched tape controiled profile milling machine. 

Integrating Automatic Control. Aircraft Prod., 
Jan., 1958, p. 27. Brief description of a specially 
modified milling-machine for E.M.I. analog- 
system 

Boring-Mill Profiling. Aircraft Prod., Jan., 
1958, pp. 14-16. Description of the conversion 
of a Bullard machine and its adaptation for hy- 
draulic copying. 

Automatic Machining. Peter J. Farmer. Air- 

1ft Prod., Jan., 1958, pp. 28-42. Development 
of a numericord data-control system for machine- 
tools. The operation of a large skin-milling ma- 
chine by that method is also demonstrated 


Production Engineering 


Long-Range Planning (A Symposium). I-—A 
Plan for Long-Range Planning. W. B. O’Neal 
II—Some Principles for Long Range Planning. 
R. L. Bortner. III—Long Range Planning. Gar- 
rett Covington. IV—Long Range Planning. W. 


G. Purdy. IAS 26th Annual Meeting, New York, 
Jan. 27-30, 1958, Preprint 813. 12 pp. Mem- 
bers, $0.35; nonmembers, $0.75. 

Breaking the Producibility Barrier. USAF 


AMC TR 57-1 [AD 145381], Oct. 31, 1957. 225 
pp. Compilation of data covering Air Force 
Manufacturing Methods. 


Tooling 


Tool Design for eabiaing Magnesium. Tool 
Engr., Jan., 1958, p. 125. 

Moderne Werkzeugmaschinen fiir die Metal- 
verarbeitung im Flugzeugbau. Otto Oe¢cckl. 
Flugwelt, Jan., 1958, pp. 29, 30, 35-37. In 
German. Review of some modern methods and 
equipment for metalworking used in aircraft con- 
struction 

Template-Manufacture. L.G. Burnard. Air- 

raft Prod., Jan., 1958, pp. 9-12. Description of a 
projector-controlled machine for copying contours 
from loft-layouts. 


Welding 


The Development of Welding for Engineering 
Fabrication. J. H. Humberstone. Welding J., 
Jan., 1958, pp. 9-15. Evaluation of the appli- 
cability of welding to various kinds of materials 
and thicknesses, for a wide range of service re- 
quirements. 


Rotating Wing Aircraft 


Drehfliiigel und ihre Eigenarten. Hans Der- 
schmidt. Flug-Revue, Sept. 14, 1957, pp. 7-11. 
In German. General review of helicopters, with 
emphasis on the influence of rotor dimensions, 
blade tip velocity, and disk loading on the struc- 
ture 


Le Développement de |’ ge? rk a Rotors en 
Tandem. L. L. Douglas (A.F.I.T.A. Conf., 
Paris, May 29, 1957.) Tech. et Sct. Aéronau- 
tiques, Oct., 1957, pp. 175-196. In French. Sur- 
vey of the development of tandem helicopters, in- 
cluding data on rotor operation, speed, vibration, 
stability, and noise reduction. 

Konstruktivnye Osobennosti Soosnykh Vertole- 
tov. V._ Biriulin. Grashdanskaia Aviatsiia, 
Nov., 1957, pp. 17-20. In Russian. Discussion 
of structural characteristics of coaxial helicopters. 

Fiat 7002. M. Berry. Am. Helicopter, Nov., 
1957, pp. 6, 7, 11, 12. Discussion of the helicop- 
ter’s performance, advantages, and design char- 
acteristics. 

Turbine-Powered Bristol 192. G. F. Cham- 
plin. Am. Helicopter, Nov., 1957, pp.10,11. Dis- 
cussion of the helicopter’s general characteristics, 
designed to meet service requirements for troop 


and freight transport, search and rescue opera- 

tion, ambulance, paratrooping, and supply drop- 

ping duties. 
Wyznaczanie 
migtowca w Locie Wiszgcym. 


Momentéw Gngcych Lopaty 
I. Jerzy Lipka 
Tech. Lotnicza, Sept.-Oct., 1957, pp. 141-146 
In Polish. Determination of bending moments 
of helicopter blades in hovering. 


Analysis of the Vertical Flight Dynamic Char- 
acteristics of the Lifting Rotor with Floating Hub 
and Off-Set Coning Hinges. Appendix I—Re- 
marks on Two-Degree-of Freedom Analysis. 
Appendix IIl—Remarks on the Three-Degree-of- 
Freedom Analysis. Appendix III—Effect of 
Rotor Support System on the Damping in the 
Flutter Mode. Appendix IV—-Damping of the 
Helicopter in Pitch and Roll. K.H. Hohenemser 
and C. H. Perisho. IAS 26th Annual Meeting 
New York, Jan. 27-30, 1958, Preprint 820. 19 
pp. Members, $0.50; nonmembers, $0.85 
Comparison of three methods—analog computer, 
dynamic model, and digital computer—for solving 
rotor dynamic characteristics, and an illustration 
of the possible sequence in the utilization of these 
methods. 

Rezonanta Subarmonic& a unui Rotor, cu o 
Caracteristicé a Reazemelor. Ales Tondl 
Stud. Cerc. Mec. Aplic., No. 2, 1957, pp. 379-392 
In Rumanian, with summaries in Russian and 
German. Study of subharmonic resonance of a 
rotor with nonlinear bearing characteristic. 


Development, Flight Test and Evaluation of a 
Mechanical Stabilizer for Single Rotor Helicop- 
ters. George E. Dausman; David F. Gebhard, 
and Leonard Goland. JAS 26th Annual Meeting, 
New York, Jan. 27-30, 1958, Preprint 821. 11 
pp. Members, $0.35; nonmembers, $0.75. 
Investigation of the handling qualities of a single- 
lifting-rotor helicopter (H-19) in hovering, low 
speed, and cruising flight Flight test records are 
presented for both the standard helicopter and for 
the helicopter equipped with a mechanical sta- 
bilizer. 


Safety 


Transport Airplane Crash Loads. G. Merritt 
Preston and Gerard J. Perman. JAS 26th An- 
nual Meeting, New York, Jan. 27-30, 1958, Pre- 
print 772. 19 pp. Members, $0.50; nonmem- 
bers, $0.85. Discussion of some basic results ob- 
tained in a study of crash-impact survival in three 
full-scale aircraft types, representing a pressurized 
low-wing transport, an unpressurized low-wing 
transport, and a high-wing unpressurized trans- 
port. 


Space Travel 


Project Far Side Launching. John L. Cramer 
IAS 26th Annual Meeting, New York, Jan. 27-30 
1958, Preprint 824. 7 pp. Members, $0.50; 
nonmembers $0.85. Discussion of modern balloon 
systems, including Project Far Side, Strato- 
scope, and High Dive 

A Note on Space Travel in a Gravitational 
Field. E. Newton Rowland. Brit. Interpl. Soc 
J., Oct.-Dec., 1957, pp. 216-221. Discussion of 
the behavior of clocks during travel in the curved 
space time of the general theory of relativity, and 
analysis of the effects observable in journeys in 
the solar system or on earth satellites. 


Congreso Internazionale Astronautico di Bar- 
cellona—6-12 Ottobre 1957. Glauco Partel. 
CAAI N. 20, Nov., 1957, pp. 12-26. In Italian 
Survey of developments and discussion of general 
space travel, interplanetary ballistic missiles, re- 
search vehicles, and astrophysics. 


The Rocket Research Institute and the Inter- 
national Geophysical Year. George S. James. 
(Congrés Internatl. Fusées & Engins-Guidés, 
Paris, Dec. 3-8, 1956.) Fusées, May, 1957, pp. 
125-131. 

Rockets as epee Vehicles. P. H. Wy- 
ckoff. Shell Av. News, Nov., 1957, pp. 2-4. Dis- 
cussion of the ntl ena in gathering upper atmos- 
phere data and a description of techniques for 
collecting such information. 


La Mécanique du Vol des Fusées a Photons. 
Eugen Sanger. Fusées, Dec., 1956, pp. 253-259. 
In French. Theoretical investigation of flight 
mechanics of a photon rocket and analysis of its 
position in relation to space exploration. 


The Environment of SPACE in Human Flight. 
Charles A. Berry. (JAS 26th Annual Meeting, 
New York, Jan. 27-30, 1958, Preprint 796.) 
Aero. Eng. Rev., Mar., 1957, pp. 35-38, 60. 15 refs 
Definition of ‘‘space’’ as an environment for man. 
It is shown that present-day operations are car- 
ried out in ‘‘space’’ as far as man’s physiology is 
concerned, and that future space problems are 
merely extensions of this environment. 


Human Factors and Space Cabins. Eugene B. 


Konecci. (ARS 12th Annual Meeting, New York, 
Dec. 2-5, 1957.) Astronautics, Jan., 1958, pp. 
42, 43, 71. Analysis of engineering and medical 


problems in experimental space cabin simulators. 


Quelques Aspects Physiologiques du Vol ‘‘Sans 
Pesanteur.’’ P.L. Biget and H. Boiteau. (Con- 


gres Internatl. Fusées & Engins-Guidés, Paris, 
Dec. 3-8, 1956.) Fusées, May, 1957, pp. 161-165. 
Review of the physiological aspects 


In French. 
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of interplanetary flight emphasizing problems of 
the gravity-free state. 

**Satellites.’” Antonio Castells Be. Rev. 
Aero., Oct., 1957, pp. 784-800. In Spanish. 
General discussion of the satellite program, with 
emphasis on the need for atmospheric explora- 
tion and outline of the problems of interplanetary 
navigation. 

Determinazione della Durata di un Satellite 
Artificiale della Terra e Indagine sulle Pertuba- 
zioni Secolari della sua Orbita. D. E. Ochzim- 
skil, T. M. Enejev, and G. M. Taratynova 
CAAI N. 20, Nov., 1957, pp. 27-36. In Italian. 
Determination of the lifetime of an artificial earth 
satellite and evaluation of its orbit perturbations 

La Conquéte de l’Espace par la Puissance 
Fuséonautique et la Domination Nouvelle de la 
Terre & Partir de l’Air; le Satellite Naturel ou 
Artificiel et son Canal Aérien. Edouard B.- 
Winandy. (Congres Internatl. Fusées & Engins- 
Guidés, Paris, Dec. 3-8, 1956.) Fusées, May, 
1957, pp. 167-170. llrefs. InFrench. Discus- 
sion of the legal aspects of space travel, interna- 
tional implications of artificial earth satellites, 
their role in natural-satellite investigation, and 
the need for an international legal body. 

Utilization of Satellite Observations in Weather 
Analysis and Forecasting. William K. Widger, 
Jr., and C. N. Touart. AMS Bul., Nov., 1957, 
pp. 521-533. 19 refs. Discussion of meteorolog- 
ical data expected from an artificial satellite as 
well as observing and handling problems. Also 
presented are possible deductions from such data 
and a simplified example for their utilization. 


Die Satelliten-Traigerraketen; Gedanken zum 
Sputnik und Vanguard. R. Engel and U. T. 
Boedewadt. Raketentech. & Raumfahrtforsch., 
Jan., 1958, pp. 23-25. In German. Discussion 
of satellite- launching rockets including the Van- 
guard, Sputnik I, and Sputnik II vehicles. 


The Satellite Tracking Camera. Joseph Nunn. 
IAS 26th Annual Meeting, New York, Jan. 27-30, 
1958, Preprint 794. 9 pp. Members, $0.35; 
nonmembers, $0.75. Performance and general 
characteristics of the camera developed to track a 
satellite representing a specularly reflecting sphere, 
approximately 20 in. in diameter, with 6/10ths 
reflectivity. 

Die Messatelliten der USA und UdSSR. _Die- 
trich E. Kélle. Raketentech. & Raumfahrtforsch., 
Jan., 1958, pp. 25-28. In German. Survey of 
data on the development of U.S. satellites and 
USSR Sputnik I and II. 


First Into Space. I. S. T. Butler. Aircraft 
(Australia), Nov., 1957, pp. 24-26. Discussion 
of the Sputnik and its orbits of motion around the 
earth, accuracy of launching, and general implica- 
tions. 


Novaia Era v Istorii Mirovoi Nauki st a 
Luna. Grazhdanskaia Aviatsiia, Oct., 1957, 
13, 14. In Russian. General description of the 
Sputnik I and of its development. 


Il “Grande Sputnik.’’ CAAI N. 20, Nov., 
1957, pp. 43,44. InItalian. Brief evaluation of 
the artificial earth satellite Sputnik. 

Las Rutas de los ‘‘Sputnik.’’ Vicente Torres 
Sirerol. Rev. Aero., Nov., 1957, pp. 869-877. In 
Spanish. Analysis of satellite orbits, including 
graphs of Sputnik I and Sputnik II trajectories. 

Il Problema della Strumentazione del Satellite 
Artificiale. CAAI N. 19, Sept. 26, 1957, pp. 21- 
27. Im Italian. Discussion of the problem of 
instrumentation of artificial earth satellites. 


Structures 


Summarized Proceedings of the Eleventh An- 
nual Conference of the Stress Analysis Group— 
Leicester, April 1957. A. F. C. Brown. (Stress 
Analysis Group, 11th Annual Conf., Leicester, 
Apr. 9-11, 1957.). Brit. J. Appl. Phys., Dec., 
1957, pp. 467-470. 

Monolitnye Paneli v Samoletostroenii. V 
Tur’ian. Kryl’ia Rodiny, Sept., 1957, pp. 12, 13 
In Russian. Discussion of the application of 
monolithic panels in aircraft construction. 


Inelastic Combined Thermal and _ Applied 
Stresses in Skin-Stringer Aircraft Structure. 
B. E. Gatewood. J. Aero. Sci., Mar., 1958, p. 12 


Some Plane Problems with Boundary Con- 
ditions in Terms of Displacements. Marek So- 
kolowski. Arch. Mech. Stosowanej, No. 4, 1957, 
pp. 439-454. Investigation of plame stress or 
Strain in the case of rigidly fixed boundaries 
Solutions are obtained for an orthotropic mate- 
tial, assuming concentrated forces acting within the 
tegion, by means of Airy’s stress functions and 
displacement functions. 


Ripartizione delle Tensioni in Piastre Circolari 
con Foro Rettangolare a Spigoli Arrotondati Cari- 
cate Esternamente con Pressione Uniforme. 
Franco di Benedetto. Tec. Ital., Sept., 1957, pp. 
377-380. In Italian. Photoelastic determina- 
tion of the stress distribution in circular discs of 
constant thickness with a central rectangular hole 
with rounded corners. 


Bars & Rods 


Raspredelenie Napriazhenii v Nadrezannykh 
Sterzhniakh pri Deformi- 
rovanii. V. S. Zhukovskii. AN SSSR Otd. 


AERODYNAMICISTS & STRUCTURES ENGINEERS 


openings on advanced 


VTOL Projects... 


Bell Aircraft is making steady progress toward the 
development of high-performance, jet aircraft which 
will take off and land vertically in a conventional 
attitude. Two test vehicles, one of them the X-14, 
have been flown successfully. 


Expansion of this VTOL program has created open- 
ings for experienced aerodynamicists and structures 
engineers with experience in these fields: 

® Flutter and Vibration 

@ Flight Control Systems 

@ Propulsion Systems Design and Analysis 

@ Armament and Installation Layout 

@ Structural Design and Analysis 


Here are challenging, long-range opportunities to 
participate in the production of the planes of tomor- 
row. Top drawer salaries and benefits with a world 
of room for rapid advancement. Please 
write: Supervisor of Engineering Employ- 
ment, Dept. A-22, BELL AIRCRAFT CORPORATION, 
P. O. Box 1, Buffalo 5,N.Y. 


rift 


April, 1958 / 111 


| 
b = 
; | Here are interesting 
| 
e | 
| 
| 
| 
te 
t 
1 | 
) | 
| 
) 
); | 
n 
| = 
al | 
of 
d | 
d 
n 
| 
p. | 
| 
Ss. 
t 
ts 
t. i 
g, 
) 
n 
is 
re 
B. | 
k, | 
Pp 
al 
os | 
n- | 
ts 
| 


Tekh. Nauk Izv., July, 1957, pp. 132-136. In 
Russian. Analysis of the stress distribution in 
notched rods in the case of elasto-plastic deforma 
tion 

A Remark on the Optimum Design of Round 
Tubing. William L. Poesch. J. Aero. Sct., Mar 
1958, pp. 215, 216. 

Eine geschlossene Lésung bei Torsion zylin- 
drischer Stabe mit Umlaufkerbe, Ermittlung von 
Drillsteifigkeiten. Wolfgang Vocke. IM 
Nov.-Dec., 1957, pp. 409-415. In German 
Development of a closed solution for the problem 
of a circumferential groove on a cylindrical rod 
under torsion, and determination of its form fac 
tors (groove factors). 


Cylinders & Shells 


Torsional Stiffness of Thin-Walled Shells 
Having Reinforcing Cores and Rectangular, 
Triangular, or Diamond Cross Section. Harvey 
G. McComb, Jr. U.S., NACA Rep. 1316, 1957 
14 pp. Supt. of Doc., Wash., $0.20. Theoretical 
investigation and graphical representation of the 
results for the torsional stiffness constants. 

O Metod& Pentru Calculul Dinamic al Tuburilor 

gi Invelitorilor Cilindrice Circulare. V. Visarion 
Stud. Cer. Mec. Aplic., No. 2, 1957, pp. 491-510 
In Rumanian, with summaries in Russian and 
French. Extension of a general method to the 
dynamic calculation of cylindrical shells and cir 
cular tubes. 
. O Nou& Formulare a Problemei Generale a 
Invelitorilor Subtiri Elastice. Liviu Librescu 
Stud. Cerc. Mec. Aplic., No. 2, 1957, pp. 511-524. 
11 refs. In Rumanian, with summaries in Rus 
sian and French. Development of a method for 
formulating the general problem of thin elastic 
shells. 

On Axisymmetric Thermal Stresses in Thin 
Shells of Revolution. G. D. Galletly. J. Aero 
Sct., Mar., 1958, pp. 201, 202. Analysis showing 
that the equations used by Melan and Parkus are 
in error if used for shells with varying wall thick 
ness. 

Vibrations of Thin Cylindrical Shells Analyzed 
by Means of Donnell-Type Equations. Yi-Yuan 
Yu. IAS 26th Annual Meeting, New York, Jan 
27-30, 1958, Preprint 769. 27 pp. 15 refs 
Members, $0.65; nonmembers, $1.00. OSR-sup 
ported presentation of test results for the fre- 
quency, modes, and phase and group velocities 
Includes discussion of finite shells with clamped 
and flexibly supported edges, using the Galerkin 
method in conjunction with the Donnell-type 
equations. 

K Raschetu Dvukhsloinykh Ortotropnykh Obo- 
lochek. S. A. Ambartsumian. AN SSSR Otd 
Tekh. Nauk Izv., July, 1957, pp. 57-64. 12 refs 
In Russian. Calculation of thin, two-layer, orth 
otropic shells 

O Vypuchivanii Tonkikh Obolochek za Prede- 
lom Uprugosti. E. I. Grigoliuk. AN SSSR Otd 
Tekh. Nauk Izv., Oct., 1957, pp. 3-11. 20 refs 
In Russian. Investigation of the stability of 
equilibrium of thin shells beyond the elasticity 
limit based on the flow theory and the theory of 
small deformations. 

Ob Obratnykh Kraevykh Zadachakh Nelineinoi 
Teorii Pologikh Obolochek. Kh. M. Mushtari 
AN SSSR Dokl., Sept. 1, 1957, pp. 35-37. In 
Russian. Analysis of inverse boundary problems 
in the nonlinear theory of raked shells 


Elasticity & Plasticity 


Methods of Solution of the Basic Equations in 
of Elasticity. K Marguerre. (ZA 


No. 6/7, 1955, pp. 242-263.) Gt. Brit 
Mos TIL/T4711, Aug.. 1957. 31 pp. 65 refs 


Review of the procedures of about 50 papers, in 
terms of their interrelations. Two- and three 
dimensional elasticity problems, as well as those 
of the torsion type are dealt with, and the neces 
sary rules of vector and tensor calculus are pre 
sented. 


K Voprosu o Tipe Uravnenii Lins Plastichnos- 
ti. lu. M. Liberman. AN *) Dokl., Sept 
1, 1957, pp. 32-34. In Russian Determination 
of the general relationship between the type of 
plasticity condition and the type of corresponding 
equations in the state of plane deformation and 
plane stress. 


Uprugo-Plasticheskaia Deformatsiia Ploskosti, 
Vyzvannaia Deistviem Sosredotochennoi Sily. 
K. N. Shevchenko. AN SSSR Dokl., July 21 
1957, pp. 473, 474. In Russian. Investigation of 
elastoplastic deformation of a plane under the 
action of a concentrated force. 


Ob Osnovakh i Primeneniiakh Teorii Neodno- 
rodnykh Uprugo-Plasticheskikh Sred. V. Ol’ 
shak. AN SSSR Otd. Tekh. Nauk Isv., Aug., 
1957, pp. 20-34. 17 refs. In Russian. i 
covering the problem of plastic heterogeneity and 
the fundamentals of the theory of heterogeneous 
elasto-plastic bodies. Application of this theory 
to the problem of heterogeneous hollow, excentric 
slotted cylinders and to the related problem of a 
heterogeneous half-surface with a-circular hole 
Includes analysis of some further applications 


Teorema o Vzaimnosti Rabot i Postroenie Ten- 
sora Grina v Teorii Malykh Uprugo-Plastiches- 
kikh Deformatsii. N. A. Kil’chevskii. Priki 
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Mat. i Mekh., Sept.-Oct., 1957, pp. 634-643. In 
Russian. Generalization of the reciprocity the- 
orem from the known theory of elasticity and ex 
tension to the elasto-plastic case as well as to two 
bodies having similar deformation characteristics 
but different elasto-plastic properties 

K Staticheskoi Teorii Polzuchesti i nae. 
G. F. Lepin. AN SSSR Otd. Tekh. Nauk Izv., 
Sept., 1957, pp. 134-136. In Russian. Tenta- 
tive derivation of the general equation of defor- 
mation and, as a special case, of the equations of 
creep and relaxation 


Plates 


Buckling of a Simply Supported Rectangular 
Plate Under Compression Reacted by Shear. 
Victor I. Weingarten. J. Aero. Sci., Mar., 1958, 
pp. 207, 208. 

Elasticity Theory of Plane Plates of Uniform 
Thickness. P Periodica Polytech., 
No. 2, 1957, pp. Development of a 
method to study the problem of plates of uniform 
thickness without introducing the simplifying 
assumptions. 

Ob Ustoichivosti Uprugo-Plasticheskoi Pria- 
mougol’noi Plastinki, Szhatoi vy Odnom Naprav- 
lenii. Iu. P Lepik Prikl. Mat. i Mekh., Sept.- 
Oct., 1957, pp. 722-724. In Russian. Study of 
the stability of an elasto-plastic damped rectan 
gular plate. 

Odna Vozmozhnost’ Resheniia Zadachi Ustoi- 
chivosti Uprugo-Plasticheskikh Plastinok v Toch- 
noi Postanovke. Iu. R. Lepik. AN SSSR Otd 
Tekh. Nauk Izv., Aug., 1957, pp. 13-19. In Rus- 
sian. Evaluation of an exact solution to the 
stability problem of elasto-plastic plates 

Ustoichivost’ Plastin za Predelom Uprugosti. 
V.D ens AN SSSR Otd. Tekh. Nauk 
Isv., July, 1957, pp. 41-56. l5refs. In Russian 
Study of the stability of plates beyond the yield 
limit, based on the differential, nonlinear plas- 
ticity law. 


Metod Priblizhennogo Resheniia Izgiba Uprugo 
Zadelannykh Plastinok Proizvol’nogo Ocherta- 
niia. V. D. Kliushnikov. AN SSSR Otd. Tekh 
Nauk Isv., Sept., 1957, pp. 126-130. In Russian 
Derivation of an approximate solution for the 
bending of elastically fixed, arbitrarily shaped 
plates 


Sandwich Structures 


Calcul des Flux de Cisaillement dans un Cais- 
son Cylindrique de Section Symétrique Quel- 
conque Rempli de ‘‘Nids d’Abeilles’’ Métalliques. 
B. Dorléac and R. Monnier. Docaéro, Nov., 
1957, pp. 17-32. In French. Development of a 
method for calculating the shearing flux in a 
cylindrical shell of a given symmetrical cross- 
section with a metal sandwich filling. 


Testing 
Structural Testing ‘‘The Argus.’’ II. Charles 
A. Bloom. (CAI Annual Meeting, Ottawa, May 


27, 28, 1957, Preprint 711.). Ind 
Dec., 1957, pp. 25-28. 

Hydro Fatigue Test of the C-130A Hercules. 
J. E. York. IAS 26th Annual Meeting, New York, 
Jan. 27-30, 1958, Preprint 781. 11 pp. Mem 
bers, $0.35; nonmembers, $0.75. Description of 
the testing method and test setup. The deriva 
tion of the loading spectrum is presented, various 
test observations are enumerated, and some fa 
tigue tests evaluated 


Aeronautics, 


Thermal Stress 


O Prisposobliaemosti Neravnomerno Nagre- 
tykh Uprugo-Plasticheskikh Tel. V. I. Rozen 
blium AN SSSR Otd. Tekh. Nauk Izv., July, 
1957 pp. 136-138. In Russian. Investigation 
of the problem of thermal stress in nonuniformly 
heated elasto-plastic bodies in terms of their 
adaptability. 

Stan Naprezenia Wywotany w Przestrzeni 
Sprezystej Dziataniem Zridla Ciepta Zmieniajg- 
cego sie w Czasie w Sposéb Harmoniczny. Wi- 
told Nowacki. Rozprawy Intynierskie, No. 3, 
1957, pp. 511-521. In Polish, with summaries in 
English and Russian. Determination of the state 
of stress in an elastic space due to a source of heat 
varying with time in a harmonic manner 

O Pewnym Quasi-Ustalonym Zagadnieniu 
Termospreé ystoSci. Witold Nowacki. Rozprawy 

niynierskie, No. 3, 1957, pp. 499-509. In 

Polish with summaries in English and Russian 
Analysis of a quasi-steady state three-dimensional 
thermo-elastic problem, and determination of the 
stress state for an elastic semispace due to the 
action of a heat source of intensity W, moving 
with a constant velocity v in the plane bounding 
the semispace 


O Pewnym Ustalonym Zagadnieniu Przestrzen- 
nym TermosprezystoSci. Witold Nowacki. Roz 
prawy Intynierskie, No. 3, 1957, pp. 487-497. 
In Polish, with summaries in English and Russian 
Analysis of a_ steady-state three-dimensional 
thermo-elastic problem solved by means of the 
Green’s function. 


Erweiterte Anwendungen des Differenzenver- 
fahrens zum Bestimmen von Temperatur-Aus- 


gleichsvorgingen. H. W. Hahnemann VDI 
Zeitschrift, Dec. 21, 1957, pp. 1,787, 1,788. In 
German. Extension and application of the 
method of differences to the determination of 
temperature equilibrium processes. 


Thermodynamics 


Combustion 


Concerning a Method for Determining the 


Turbulent Speed of Propagation of a Flame, 
K. P. Vlasov. Sov. Phys. - Tech. Phys., Feb., 
1957, pp. 303-308. Translation. Description 


of general characteristics of combustion speed, 
and presentation of a method for its calculation, 
based on the determination of the flame mean 
boundaries by recording the ionization current 
(‘‘point-by-point’’ and by ‘‘shooting through’’ the 
flame cone). 

Kharakter Mikroiavlenii 
Topliva. G. F. Knorre. Teploenergetika, Nov. 
1957, pp. 52-59. In Russian. Analysis of 
characteristic microphenomena in atomizing and 
burning of solid-fuel particles 

Ob Oshibkakh pri Izmerenii Temperatury 
Plameni v Potoke pri Pomoshchi Termopar. 
K. P. Vlasov and N. V. Kokyshkin. AN SSSR 
Otd. Tekh. Nauk Izv., Aug. 1957, pp. 137-141. 
In Russian. Evaluation of errors introduced in 
the measurement of flame temperatures using 
thermocouples. 


Classification Générale et Résolution Systéma- 
tique des Equilibres Chimiques. Pierre Magot- 
Cuvru. (Congrés Internatl. Matériaux Av. & 
Projectiles-Fusées, Paris, Mar. 28-Apr. 1, 1955.) 
Fusées, June, 1956, pp. 51-63. In French. De- 
velopment of a unique method for solving system- 
atically the problems of combustion and chemi- 
cal reaction at elevated temperatures in turbine, 
rocket, and piston engines 


O Spine u Predelov Gazovoi Detonatsii. Ia. 
K. Troshin and K. I. Shchelkin. AN SSSR Old. 
Tekh. Nauk Izv., Aug., 1957, pp. 142, 143. In 
Russian. Investigation to determine the effect 
of the variation in pressure of the explosive mix- 
ture or the reduction of the tube diameter on the 
occurrence of spin detonations. 


Goreniia Tverdogo 


Heat Transfer 


Reshenie Uravnenii dlia Odnogo Sluchaia 
Statsionarnoi Teplovoi Konvektsii v Beskonech- 
nom Naklonnom Krugovom Tsilindre. E. Kh. 
Drakhlin. Prikl. Mat. i Mekh., Sept.-Oct., 1957, 
pp. 693-695. In Russian. Derivation of a solu- 
tion for one case of stationary thermal convection 
in an infinite, inclined, circular cylinder. 

Metod& Nou& de Masurare a Difuzivitatii Ter- 
mice si Conductivitétii Termice la Corpurile Rele 
Conduc&toare de C&ldur&. Luscal St. Nicolae. 
Bul. Stiint. Sect. Stiint. Mat. Fiz., Jan.-Mar., 
1957, pp. 215-225. In Rumanian, with sum- 
maries in Russian and French. Development of 
a method for measuring thermal diffusivity and 
conductivity of bodies with low heat-transfer 
capacity. 

Ob Odnoi Zadache Teploobmena Sistemy Tel. 
E.I. Kim. Prikl. Mat. i Mekh., Sept.-Oct., 1957, 
pp. 624-633. 14refs. In Russian. Study of the 
heat-exchange problem of a system of bodies in 
thermal contact in the case of continuously vary- 
ing temperature and heat stream in the neighbor- 
hood of the contact boundary 


Priblizhennoe Reshenie Zadachi o Statsionar- 
nom Temperaturnom Pole v Tonkoi Obolochke 
Proizvol’noi eames. V. I. Danilovskaia. AN 
SSSR Otd. Tekh. Nauk Izv., Sept., 1957, pp. 157, 
158. In Russian. Derivation of an approxi- 
mate solution to the problem of the stationary 
temperature field in a thin shell of arbitrary shape 
and constant thickness 


Etude Expérimentale de la Température d’Ar- 
rét en Régime Moléculaire Libre. M. Marcel 
Devienne. Fusées, Dec., 1956, pp. 261-267. 
In French. Experimental investigation of the 
heat transfer to a small plate moving in a free 
molecule stream at such pressures that the Knud- 
sen Number is generally larger than 5. 

O Metod& Pentru Determinarea Conductivité- 
tii Termice a Materialelor In Regim Nestationar. 
Teodor CAmpan and Aurelian Simionescu. Jasi 
Politeh. Inst. Bul., Fase. 3-4, 1956, pp. 283-291. 
In Rumanian, with summaries in Russian and 
German. Development of a method for de- 
termining the thermal conductivity of materials 
in the nonstationary regime 


Priblizhennyi Metod Rascheta Teplootdachi v 


Reshetkakh Profilei. D. M. Zysina-Molozhen. 
AN SSSR Otd. Tekh. Nauk Izv., Oct., 1957, pp., 
28-35. 10 refs. In Russian. Development of 


an approximate method for calculating the mean 
heat-dissipation coefficient in a profile grid. 
VTOL & STOL 


NACA Research in the Field of VTOL and 
STOL Aircraft. Charles H. Zimmerman. JAS 


26th Annual Meeting, New York, Jan. 27-30, 
1958, Preprint 814. 15 pp. 60 refs. Members, 
$0.50; monmembers, $0.85. Discussion of 


VERTICAL or fixes wing 


In either type of VTOL aircraft, control systems must provide 
precise and positive transfer of motion under all operating 
conditions. Regardless of size, a Shafer Aircraft Bearing 

will deliver greater load-carrying capacity and service life 
for its envelope dimensions and Weight than any other 
self-aligning antifriction bearing available. 

Shafer engineers have more experience with design 
requirements of successful vertical flight control systems 
than any other group in the industry. Consulted early in 
design stages, they can save valuable space and weight with 
Shafer Self-Aligning Aircraft Bearings. 

Whatever your requirements for aircraft bearing 
performance, call on Shafer’s specialized design 
experience. Shafer Bearing Division, CHAIN Belt Company, 
801 Burlington Avenue, Downers Grove, Illinois 


DIVISION OF 
CHAIN 
BELT COMPANY 
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various configurations which are believed to have 
the greatest potential as general purpose transport 


Mawet Applications of VTOL-STOL Vehicles. 
Mingp G. Sheridan. JAS 26th Annual Meeting 
New Foul, Jan. 27-30, 1958, Preprint 809. 7 pp 
Members $0.35; nonmembers $0.75. Discus 
sion emphasizing that for open ocean seaplane 
operation STOL appears to have wider applica 
tion than VTOL; for carriers the emphasis is on 
VTOL design. The ground effect vehicle, if 
proven feasible, could give new mobility to the 
ground forces. 


_ Supersonic Civil Air Transports with Considera- 
tion of Potential VTOL Capabilities. James A 
O’Malley, Jr. IAS 26th Annual Meeting, Neu 


York, Jan. 27-30, 1958, Preprint 826. 15 pp 
26 refs. Members, $0.50; nonmembers, $0.85 


iscussion of supersonic speed capability, the 
VTOL capability presently available to industry 
and the supersonic transport status. 


Der Vertikalstart als Vortriebsproblem. K 
W. Mack. Luftfahrttechnik, Jan. 15, 1958, pp 
1-16. 44 refs. In German. Survey of propul 
sion systems for VTOL aircraft, including evalua 
tion of their respective characteristics and discus 
sion of possible improved and new propulsion 
systems. 

Research in the Field of Wingless VTOL Air- 
craft. A.M. Lippisch. IAS 26th Annual Meet 
ing, New York, Jan. 27-30, 1958, Preprint 808 
11 pp. Members, $0.35; nonmembers, $0.75 
Discussion of the evolution of the Aerodyne, in 
cluding its aerodynamic characteristics and per 
formance. 


Rotodyne Report; Development Aspects and 
Commercial Applications of Fairey’s VTOL Trans- 
port. Flight, Dec. 20, 1957, pp. 953-958, cutaway 
drawing. 

Special Issue: Helicopter Progress and V.T.O.L. 
Survey. The Aeroplane, Dec. 13, 1957, pp. 872 
900. Partial Contents: VTOL—The Ways and 
Means, David W. H. Godfrey. The Flat-Riser 
Solution. Elands for VTOL. Westland Activi 
ties. Building the Rotodyne Prototype. Syca 
mores in Cyprus, Peter Fahy. Development for a 
oe Jet Fighter. Current VTOL Aircraft 

ata. 


Water-Borne Aircraft 


Structural and Impact Loads for the Flexible 
Airplane During ater Landings. Edward 
Widmayer, Jr., and Robert H. Schwab. (JAS 
25th Annual Meeting, New York, Jan. 28-31 
1957, Preprint 689.) J. Aero. Sci., Mar., 1958, 
pp. 161-170. 

Assessment of the Possibility of Using Suction 
to Inhibit Cavitation on Cylindrical Section;. 
G. E. Thomas. Gt. Brit., ARC CP 362, 1957, 18 
pp. BIS, New York, $0.54. Investigation in 
cluding two cases: (a) flow past elliptic cylinders 
with suction applied over the entire forward half 


and (b) flow past circular cylinders with suction 
applied over limited areas. 


Wind Tunnels & Research 
Facilities 


Moyens d’Essais de |’Etablissement Aéronau- 
tique de Toulouse. Basséguy, Affre, and Bélan- 
ger Tech. et Sci. Aéronautiques, Oct., 1957, pp 
151-167. In French. Description of test facili- 
ties of E.A.T., the Aeronautical Establishment at 
Toulouse 

Strioscope Transportable Permettant |’Examen, 
a la Verrerie, des Glaces Destinées a la Visualisa- 
tion Strioscopique en Souffleries. R. Chevalé- 
rias .a Recherche Aéronautique, Nov.-Dec., 
1957, pp. 56-58. In French. Design and de- 
scription of a portable device for streak detection 
in glass panels used for flow visualization in wind 
tunnels 

Development of the R.A.E. 6 inch Diameter 
Shock Tube. II—Design, Development and 
Early Use of a Simple al Stop Valve. S. G 
Cox. Gt. Brit., RAE TN Aero.2528, Aug., 1957. 
» pp 

Appareil pour l’Utilisation en Soufflerie des 
Capteurs 4 Variation ‘‘d’Induction Mutuelle.’’ 
Jacques Fiquet. La Recherche Aéronautique, 
Nov.-Dec., 1957, pp. 3-11 In French. Descrip- 
tion of a device designed for using mutual-induc- 
tance pick-ups in wind-tunnel experiments. In- 
cludes discussion of various applications. 


+ + 


IAS News (Continued from page 68) 


Lockheed Aircraft Corporation’s Georgia 
Division, where a test facility is being 
built. 

He said aircraft components will be in- 
strumented and exposed to radiation. 
Later they will be checked for exposure, 
and the amount of reactor shielding re- 
quired to protect components will be de- 
termined. 


H. A. REICHMANN, JR., Secretary 
Tulsa Section 
Computers Deciphered 


Virgil Berry and R. E. Ruthrauff dis- 
cussed ‘‘The Engineer’s Use of High-Speed 


Electronic Computers” at the January 14 
meeting. Dr. Berry is Supervisor, Re- 
search Group, Pan American Petroleum 
Corp. Mr. Ruthrauff is Supervisor, 
Computing Engineering, Tulsa Division, 
Douglas Aircraft. 

Dr. Berry reviewed the history of com- 
puter development and outlined the capa- 
bility of high-speed equipment. He said 
“one shot”? problems are not suited for 
computers because of the time required to 
program the machine. 

Mr. Ruthrauff described the IBM 701 
high-speed equipment currently used by 
Douglas. He said this machine is particu- 
larly valuable in preliminary design be- 
cause analyses can easily be redone as in- 
puts are revised by design changes. 

After the discussion, a sample problem 


using 3,500 instructions which required 
2 man-months to program was fed to a 


701 machine and solved in 4 min. 


Bruce D. Oxson, Recording Secretary 


Wichita Section 
Boeing Plant Visited 


Some 135 members visited Boeing Air- 
craft Company’s Wichita plant and engi- 
neering laboratory on January 8. Boeing 
host was Milford Vanick, Chief, Technical 
Staff, Engineering. 

Members visited the manufacturing sec- 
tion where they saw newly installed, nu- 
merically controlled, automatic milling and 
riveting machines. 

They saw the structural test, metal- 
lurgical, electronic, and power-plant lab- 
oratories and the engineering digital com- 
puting unit. 

LyMAN L. PETERSON 
Secretary Pro Tem 


services. 


ers and nonmembers. 


sired, from the Special Publications Dept. 


IAS SCRIP COUPONS 


IAS SCRIP COUPONS may now be used as payment for preprints, dues, subscriptions, and all other 
This method will save you from writing checks, sending money orders or cash. 
Sheets of 5- and 25-cent coupons are available in book form of $5, $10, $25, or any amount de- 
Scrip may be ordered by foreign and domestic mem- 


information. 


Keep Posted on New Aircraft & Missile Products and Product Literature 


Make it a habit to check the Aeronautical Engineering Review's ‘“‘New Products Section” every 
month. Located at the end of each issue, it contains a complete review of all recently announced 
new product developments and product literature of special interest to the aeronautical profession. 
Handy postage-paid Inquiry Cards are included for your convenience in requesting additional 


Make It a Habit—Use the ““New Products Section”’ Every Month 
AERONAUTICAL ENGINEERING REVIEW 
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Aeronautical Reviews 


AERONAUTICS, GENERAL 
Jahrbuch 1956 der Wissenschaftlichen Gesell- 


schaft fiir Luftfahrt e.V. (WGL). 
von Hermann Blenk. Schriftl*itung: Werner 
Schulz. Braunschweig, Friedr. Vieweg & Sohn, 
1957. 267 pp., illus., diagrs., figs. DM 38.-. 

Contents: Das Héhenziinden der Strahltur- 
binen (Ignition of Jet Turbines at Altitude), F. 
Ferrié. Anwendungsbeispiele zur technischen 
Reaktionsthermodynamik (Examples of Applica- 
tions for Technical Reaction Thermodynamics), 
Otto Lutz. Absaugung in der Aerodynamik 
(Suction in Aerodynamics), Hermann Schlichting. 
Einige physikalische Betrachtungen iider das 
Ausblasen an Tragfliigeln (Some Physical Con- 
siderations on Blowing Applied to a Wing), Ph. 
Poisson-Quinton. Das_ meridianbeschleunigte 
Verdichterrad als Vorstufe eines vielstufigen 
Axialverdichters (The Compressor Rotor with 
Meridian Acceleration as the First Stage of a 
Multistage Axial Compressor), Hans Winter. 
Zur Stabilitat des Hubschraubers (Stability of the 
Helicopter), H. Parkus. Der Flug mit hohen 
Geschwindigkeiten (High-Speed Flight), Giinther 
Bock. Aufgaben und Methoden der Luftbild- 
messung (Problems and Methods of Aerial Photo- 
grammetry), Rudolf Férstner. Structural Analy- 
sis by the Matrix Force Method with Applica- 
tions to Aircraft Wings, J. H. Argyris and S. 
Kelsey. Das Herauskommen eines Flugzeugs 
aus einem Sturzflug mit hoher Geschwindigkeit 
(The Recovery of an Aircraft from a High-Speed 
Dive), A. D. Young and S. Neumark. Ein Ver 
fahren zur Berechnung der Auftriebsverteilung an 
Tragfliigeln bei Schallanstr6émung (A Method for 
the Calculation of the Lift Distribution on Wings 
in Transonic Flow), Erich Truckenbrodt. Erg- 
ainzungen zur Tragflachentheorie bei inkompressi- 
bler Str6mung von E. Truckenbrodt (Additions to 
E. Truckenbrodt’s Theory of the Lifting Surface 
in Incompressible Flow), Werner Niemz. Theo- 
retische und experimentelle Untersuchungen an 
schiebenden Fliigeln, insbesondere Pfeil- und 
Deltaflugeln (Theoretical and Experimental In- 
vestigations of Yawing Wings, Farticularly 
Swept and Delta Wings), Karl-Heinz Gronau. 
Ein Invarianzkriterium fiir die Unter- und Uber- 
schallstr6mung an Aquivalenten Kérpern, insbe- 
sondere an tliigel-Rumpf-Kombinationen (An 
Invariance Criterion for Subsonic and Supersonic 
Flow Around Equivalent Bodies, Particularly 
Around Wing-Fuselage Combinations), Friedrich 
Keune and Werner Schmidt. Strahllarm, ein 
wissenschaftliches und technisches Problem der 
Luftfahrtforschung (Jet Noise, A Scientific and 
Technical Problem of Aeronautical Research), E. 
Koppe and E.-A. Miiller. Uber die Eignung von 
Gasturbinentriebwerken kleiner Leistung fiir den 
Antrieb von Flugzeugen (The Suitability of Low- 
Powered Gas Turbine Power Plants for Aircraft 
Propulsion), Wilhelm Pieper. Uber die Entwick- 
lung von kerbfeien Flugzeugteilen (The Develop- 
ment of Aircraft Parts Free from Notch Effects), 
Walter Bergmann. Zur, Entwicklung von kerb- 
freien Flugzeugteilen; Uberblick aus Arbeiten 
des Instituts fiir Werkstoffkunde der Technischen 
Hochschule Hannover (Toward the Development 
of Aircraft Parts Free from Notch Effects; Sum- 
mary of the Work of the Institut fiir Werkstoff- 
kunde, Technische Hochschule, Hannover), A. 
Matting. Vorschlag einer neuen Tragflugel- 
bauweise (A Proposed New Method of Wing 
Construction), Otto Oeckel. Die Rechtsgestalt 
der Luftfahrzeughypotheken und das Luftfahr- 
zeugbuch (The Legal Aspect of Aircraft Mort- 
gages and the Aircraft Record), Georg Scholz. 
General, Administrative, and Activity Reports. 
Membership Roster. 


Herausgegeben 


AIRPLANES 


1957. Vol. 1, 235 pp., diagrs., tables, $2.50. 
Vol. 2, 137 pp., diagrs., tables, $1.50. 

Contents: Volume 1: Address by the Presi- 
dent of the Council. Address by the President of 
the Air Navigation Commission. Proposed Lay- 
out of Alger Maison-Blanche Airport, J. Guillot. 
The Ground Handling Problem, International 


POOR. 


For Information on IAS 
Library Services, 
see page 70 


Statements and opinions ex- 

ressed in Book Reviews are to 

e@ understood as individual ex- 
pressions and not necessarily 
those of the Institute. 


Federation of Air Line Pilots’ Associations. 
Examples of Aircraft Parking Systems, R. Broad- 
bent. Runway Length Requirements. Graphs 
of Performance Data and Operational Factors. 

Volume 2: Aerodrome Requirements for Jet 
Aircraft, IFALPA. RAC and ATS Require- 
ments for Jet Aircraft, IFALPA. Meteorological 
Requirements for Jet Aircraft, IFALPA. Com- 
munications Requirements for Jet Aircraft, 
IFALPA. Difficulties Encountered in Telecom- 
munications, R. H. Bulin. The Effect of Turbu- 
lent Wake from Large Jet Aircraft on Air Traffic 
Control Separation Criteria, J. Riley and R. 
Broadbent. The Role of Radar Control, H. 
Wood. The Role of Precise Navigation in an 
Air Traffic Control System, R. A. Pearson. 
Parking and Apron Handling of Turbo-Jet 
and Turbo-Prop Aircraft, R. Broadbent. Co- 
Ordination of Meteorological Information, 
T. N. S. Harrower. Main Characteristics of 
Turbine-Engined Aircraft. Jettisoning of Fuel 
from Jet Aircraft, A. L. Porri and R. Broadbent. 
Maximum ILS Glide Path Angles for Jet Air- 
craft, R. Broadbent. Location, Shape and Size 
of Holding Areas and Patterns, D. Blake. Trials 
on the Location of Holding Areas for Jets, D. 
Blake. Ingress of Debris into Turbo-Jet En- 
gines, D. Ballantyne. A Study of the Advantage 
of Panoramic Radar for Future Traffic with Par- 
ticular Reference to Jet Aircraft, R. H. Bulin. 
Choice of Telecommunications Methods, R. H. 
Bulin. Progress Report of Australian Research 
on Visual Protlems of Approach to Landing; 
June 1957, R. W. Cumming and J. C. Lane. 

Operating the Jet; A Symposium on the Tur- 
bine Aircraft. A Presentation to the Aviation 
Subcommittee of the Senate Interstate and For- 
eign Commerce Committee. Washington, Air 
Transport Association of America, 1958. 99 pp., 
diagrs 

Contents: The Anatomy of the Jet, Russell K. 
Rourke. Personnel Training Requirements for 
the Jet Age, John H. Halliburton. Maintaining 
and Supplying the Jet, Richard M. Adams. A 
Typical Transcontinental Flight, Marcy B. Fan- 
non. Airport and Noise Considerations, W. E. 
Rhoades. Terminal Facilities for Turbine Air- 
craft, Marvin Whitlock. Airline Economics and 
the Jet Age, Stanley G. Gewirtz. 


CIVIL AVIATION 


CAA Statistical Handbook of Civil Aviation. 
1957 Ed. U.S. Department of Commerce, Civil 
Aeronautics Administration. Washington, Super- 
ena of Documents, 1957. 135 pp., tables. 

Recognized as the standard summary of official 
statistical data on the status of civil aviation in 
the United States, this edition of the CAA Hand- 
book includes all available statistics on major 
civil aviation activities through December, 1956. 
The Handbook serves as a convenient statistical 
reference volume for organizations and individuals 
active in all segments of the aeronautical industry. 


DICTIONARIES 


Russian-English Glossary of Solid State Phys- 
ics. New York, Consultants Bureau, Inc., 
1958. 90 pp. $10. 

Primarily a compilation of Russian terms and 
expressions taken from numerous articles on 
various topics in solid-state physics, this glossary 
incorporates terms in the fields of solid-state 
theory, crystallography, physics of metals, metal- 


lurgy, ferromagnetism, etc. The more than 4,000 
items included are from the pages of the most re- 
cent issues of Soviet physics journals, especially 
the Journal of Experimental and Theoretical Phys- 
ics, the Physics Section of the Proceedings (Dok- 
lady) of the USSR Academy of Sciences, and the 
Journal of Technical Physics. A certain number 
of the most important terms of general quantum 
theory also are given, while the terminology of 
electronics is represented principally by expres- 
sions which are employed in Soviet papers on 
solid-state physics. 


DYNAMICS 


Advanced Dynamics. John FE. Younger. 
New York, Ronald Press Company, 1958. 285 
pp., diagrs., tables. $8.50. 

Prepared for students who have completed the 
usual junior-level courses in statics, dynamics, 
strength of materials, integral calculus, and dif- 
ferential equations, this text begins each analysis 
with the most elementary concepts of engineering 
dynamics, as a review, and then advances to 
problems of stronger technical interest. The 
advanced character of the summary problems, 
and the fact that analyses and solutions are given 
in detail, qualify the work to serve as a reference 
for practicing engineers. 

The author is Professor of Mechanical Engi- 
neering, Department of Mechanical Engineering, 
University of Maryland. 


COMPUTERS 


The Preparation of Programs for an Elec- 
tronic Digital Computer. Maurice V. Wilkes, 


David J. Wheeler, and Stanley Gill. 2nd Ed. 
Reading, Mass., Addison-Wesley Publishing 
Company, Inc., 1957. 238 pp., diagrs., tables. 
$7.50. 


Thoroughly revised and expanded to include 
machines other than the Electronic Delay Stor- 
age Automatic Computer, this edition offers a 
general introduction to programing for any com- 
puter of the stored-program type. It is designed 
for those using electronic digital computers, 
for those putting new machines into operation, 
and for those wishing to assess the possible 
application of such computers to their own prob- 
lems. 

Dr. Wilkes and Dr. Wheeler are with the 
University Mathematical Laboratory, Cambridge 
University, while Dr. Gill is head of the Comput- 
ing Research Group, Ferranti Ltd, London. 


FILMS 


The Giannini Film List; A Source Catalog of 
16 mm. Unclassified, Released Aeronautical 
Films. Rev. Ed. Published by the IAS under 
the Auspices of the Giannini Film Library Fund. 
New York, IAS, 1958. 38 pp. 

An alphabetical listing, by title, of films avail- 
able for educational, nontheatrical showings on a 
loan basis, subject to the owner’s discretion. In- 
cluded are a source index giving the addresses to 
which loan requests should be made and tear- 
out post cards for making such requests. 


HYDRAULIC EQUIPMENT 


Aircraft Hydraulics: Vol. 2, Component De- 
sign. Edited by H. G. Conway. Published 
under the Authority of The Royal Aeronautical 
Society. London, Chapman & Hall, 1957; 
New York, The Macmillan Company. 198 pp., 
illus., diagrs., tables. $9.00. 

Illustrated chapters deal with seal or gland 
design, pumps and motors, selectors, valves, pipe 
work and piping problems, miscellaneous com- 
ponents, and hydraulic servocontrols. The edi- 
tor is Director and Chief Engineer, Short Broth- 
ers and Harland Ltd., Belfast. 


INSTRUMENTS 


Instrumentation in Testing Aircraft. C. N. 
Jaques. (Royal Aeronautical Society, Aero- 
nautical Monographs, Vol. 5.) London, Chap- 
man & Hall, Ltd., 1957. 291 pp., illus., diagrs. 
45s. $6.30. 
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Jet Operations Requirements Panel, Third 
Meeting, Montreal, June 17-28, 1957. Vol. 1, 
Report (Doc 7828, JOR/3-1); Vol. 2, Working TSS 
Papers (Doc 7828, JOR/3-2). Montreal, Can- 
ada, International Civil Aviation Organization ae 


North American’s UTX Jet Utility 
Trainer —the “Sabreliner” 


The UTX comes- out 


The fuselage of North American’s UTX is out of its jig. In a few 
weeks the plane will be completed and early this summer it will 
thunder into the air. 

Transport —trainer—cargo plane—tactical support craft—the 
UTX will be one of America’s most versatile airplanes. Powered 
by twin turbo jets, it will fly halfway across the continent without 
refueling. Its speed will be 500 mph, its cruising altitude 39,000 
feet. The plane was designed by North American at company 
expense, to answer an official Air Force request for the develop- 
ment of a jet utility trainer. 

Wind tunnel tests for the new craft were conducted at the CWT 
—the Southern California Cooperative Wind Tunnel. Since 1945, 
the CWT has been responsible for the aerodynamic testing of a 
host of military and civilian aircraft—among them the Voodoo, 
the DC-8, the Starfighter, the Hustler. 


The CWT serves its five owner companies, a number 
of governmental agencies, and other aircraft manufacturers. 
If you would like more information regarding its services 
and facilities —or employment opportunities — 
you are invited to write us. 


* SOUTHERN Operated by the 

- CALIFORNIA California Institute of 
COOPERATIVE Technology. Owned 
* WIND by Convair, Douglas, 
* TUNNEL Lockheed, McDonnell 


and North American. 


950 S. Raymond Ave., Pasadena, California 
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Thisfbook deals with the special instruments 
which, in a variety of circumstances, are needed 
to determine aerodynamic, structural, and aero- 
engine characteristics. Such circumstances may 
be flight tests of prototype aircraft; tests in the 
air or on the ground of the airplane, its structure 
or power plant; or the acquisition of statistical 
data on the conditions to which aircraft are sub- 
jected in military or civil operation. The subject 
is dealt with from the viewpoint of an engineer 
whose concern is the development of such in- 
struments. General principles are outlined and 
practical solutions to specific problems are 
given. 

The author was formerly Head, Instrumenta- 
tion Department, Royal Aircraft Establishment. 


MATERIALS 


13th Annual Technical and Management Con- 
ference, Reinforced Plastics Division, The 
Society of the Plastics Industry, Inc., February 
4-6, 1958, Chicago, Illinois. New York, The 


soe” 1958. 649 pp., illus., diagrs., tables. 


7.0 

Partial Contents: Survey—Resin Develop- 
ments, Dr. Johan Bjorksten. Evaluation of 
Organic Peroxides on the Basis of Half-Life Data, 
Donald F. Doehnert and Orville L. Mageli 
Functional Inorganic Pigments for use as Rein- 
forced Plastic Fillers, S. R. Mountsier, Jr., and 
A. J. Gitter. Properties of Reinforced Plastics 
Made From Acrylic Sirups, Mandell S. Ziegler, 
William H. Calkins, and Walter M. Edwards. 
Optimum Aromatic-Amine Hardened Epoxy- 
Glass Laminates, Harry Raech, Jr., and Frederick 
F. Harris. Dielectric Measurements for Process 
and Product Evaluation, John J. Knudsen. Im- 
provement of Reinforced Plastics by Fibers From 
New Glasses, James W. Case, Albert Lasday, J 
Frees Brossy, and Armand Houze. Mechanical 
Properties of Glass Reinforced Castings Resins, 
C. L. Segal. Glass Fabric-Base Laminate Physi- 
cal Properties as a Function of Finishing Vari- 
ables, Richard C. Horton and Henry S. Falls. 
Tensile Strength of Glass Fibers, J. A. Kies and 
R. E. McVicker. An Investigation of the Optical 
Properties of Fiberglass Reinforced Translucent 
Panels, John B. Crenshaw and Daniel Smith. 
Controlled Process Fabrics From Controlled 
Weight-Length Variation Yarns, William J 
Eakins. Bond of Resin to Glass, A. C. Anderson 
and J. H. Healy. Proposed NOL Ring Test 
Method for Parallel Glass Roving Reinforced 
Plastics: Evaluation of Chemical Finishes, Por- 
ter W. Erickson, Irving Silver, and H. A. Perry, 
Jr. Long-Term Rupture Strength in Glass Rein- 
forced Plastics, S. Goldfein. Unidirectional 
Glass Reinforced Plastic Ring Structures, N. 
Chessin. Creep Characteristics of Laminated 
Epoxy Plastics, John Delmonte. Laminates 
Reinforced with Asbestos, Norman E. Wahl and 
Harold M. Preston Effects of High Intensity 
Thermal Radiation on Plastic Laminates, H. S. 
Schwartz and B. J. Lisle. Effects of Elevated 
Temperature and Erosion on Reinforced Plastic 
Laminates, Norman B. Miller and Eric L. Strauss. 
Radome Materials for Operating Temperatures 
Above 500°F., Francis Bozzacco and Paul Swan- 
son. Behavior of Reinforced Plastics at Very 
High Temperatures, L. H. Shenker and I. J. 
Gruntfest. Subsonic and Supersonic Rain Ero- 
sion Problems, G. P. Peterson. A Comparison of 
Phenolic and Polyester Premix Materials, J. J 
Colao and M. M. Gurvitch. Report of the Pre- 
mix Standards Committee, Lawrence Wittman. 
Physical Properties of Transfer and Compression 
Molded Premix Materials, R. H. Calderwood and 
H. R. Sheppard. Applications and Suggested 
Uses of Polyester Premixes, C. W. Proudfit. A 
New High Strength Molding Material, S. G. 
Salzinger and Henry M. Toellner. The Pressur- 
form Preform Process, S. H. A. Young. Funda- 
mental Study of Adhesion, J. J. Bikerman. 
Resin-Glass Bond Characteristics, F. J. McGarry. 
Laminate Behavior as Determined from Interior 
Strain Measurements, Richard E. Chambers. 
The Influence of Several Resin and Process 
Variables on Polyester Laminate Properties, 
William G. Carson and Arthur L. Smith. Design 
and Operation of a Rosette Extensometer, Profes- 
sors A. G. H. Dietzand F. J. McGarry. Vacuum- 
Pressure Injection Molding of a Reinforced 
Plastic Helicopter Contravane, Kurt A. Schnei- 
der. Simultaneous Deposition of Fiberglass and 
Resin as a Reinforced Plastics Manufacturing 
Technique, David F. Anderson. Development 
of a Reinforced Plastic Jato Motor, John J. 
Scavuzzo. Contour Weaving of Reinforcement, 
A. R. Campman and Edward Koppelman. Cure 
Shrinkage of Epoxy Resin Systems, H. L. Parry 
and H. A. MacKay. Filament-Wound Metal 
Composite Vessels, Robert L. Noland. De- 
velopment of Improved Filament-Wound Pres- 
sure Vessels, George Epstein and Harry A. King. 
History and Potential of Filament-Winding, 
Richard E. Young. Filament-Winding Develop- 
ments for Rocket Applications, Richard Gorcey 

Polyamide Resins. Donald E. Floyd. New 
York, Reinhold Publishing Corporation, 1958. 
230 pp., illus., diagrs., tables. $4.50. 

The purpose of this book is to discuss the var- 
ious important applications of the polymers be- 
longing to the polyamide resin family. With this 
objective in view, the book not only classifies the 
applications but also reviews the considerations 
and properties that make polyamide resins useful 
in these applications. In addition, an attempt 's 
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Jo the talented 
engineer and scientist 


APL OFFERS 
GREATER FREEDOM 
OF ACTIVITY 


APL has responsibility for the technical direction 
of much of the guided missile program of the 
Navy Bureau of Ordnance. As a result staff mem- 
bers participate in assignments of challenging 
scope that range from basic research to prototype 
testing of weapons and weapons systems. 

A high degree of freedom of action enables 
APL staff members to give free rein to their 
talents and ideas. Thus, professional advance- 
ment and opportunities to accept program re- 
sponsibility come rapidly. Promotion is rapid, 
too, because of our policy of placing professional 
technical men at all levels of supervision. 

APL’s past accomplishments include: the first 
ramjet engine, the Aerobee high altitude rocket, 
the supersonic Terrier, Tartar, and Talos missiles. 
Presently the Laboratory is engaged in solving 
complex and advanced problems leading to future 
weapons and weapons systems vital to the na- 
tional security. Interested engineers and physi- 
cists are invited to address inquiries to: 


Professional Staff Appointments 


The Johns Hopkins University 
Applied P hysics Laboratory 


8605 Georgia Avenue, Silver Spring, Maryland 


120 / Aeronautical Engineering Review 


made to relate polyamide resin properties to resin 
composition and structure 

The author is head of the Chemical Applications 
Section, General Mills’ Chemical Research De- 
partment 

Polyurethanes. Bernard A. Dombrow. New 
York, Reinhold Pu lishing Corporation, 1957 
176 pp., illus., diagrs., tables. $4.50 

This coverage of the uses and possibilities of 
the polyurethanes includes their many applica 
tions as foams, and as coatings, rubber (castings 
as well as tires), and adhesives 

The author is Director of Laboratories, Plastics 
Division, Nopco Chemical Company 


1957 Supplement to Book of ASTM Standards, 
Including Tentatives. Part 2, Non-Ferrous 
Metals. Philadel; »hia ASTM, 1957 378 pp 
diagrs., tables. $4.0 


1957 Supplement to Book of ASTM Standards, 
Including Tentatives. Part 6, Plastics, Electrical 
Insulation, Rubber, Electronic3 Materials, Carbon 
Black. Philadelphia, ASTM, 1957. 424 pp 
illus., diagrs., tables. $4.00 


MATHEMATICS 


Mathematics and Wave Mechanic3. R. H 
Atkin New York, John Wiley & Sons, 1957 
348 pp., diagrs $6.00 

This introduction to wave mechanics consists 
of a number of introductory chapters on both 
pure and applied mathematics which are then 
followed by discussions of some of the more im- 
portant applications of quantum theory. The 
level of mathematics required of the reader is that 
normally reached prior to entry to a university 

The author is Lecturer in Mathematics, North 
ern Polytechnic, London 


PATENTS 


Ideas, Inventions, and Patents; How to De- 
velop and Protect Them. Robert A. Buckles 
New York, John Wiley & Sons, Inc., 1957. 270 
pp., illus., diagrs. $5.95 

Intended primarily for engineers and _ scien- 
tists engaged in research and development ac 
tivities—and for those businessmen engaged in 
planning and managing industrial enterprises in 
which inventions, patents, and trademarks play 
a role—this book presents in broad general out- 
lines the fundame nts al principles and philosophy 
of the laws respecting “‘intellectual property’’ 
for the purpose of pointing the way to more 
effective protection and exploitation of ideas and 
inventions. After discussing the principles that 
underlie patents in all fields of technology (me- 
chanical, electrical, chemical, and nuclear) and 
giving lucid examples of specific applications in 
each area, the author takes the reader step by step 
through the complete history of a simple inven- 
tion. 

The author is a practicing patent attorney and 
a member of the New York Bar 


PHYSICS 


An Introduction to Scale Coordinate Physics; 
An Introduction to the Formalization of the Macro 
Operational Point of View. William Bender 
Minneapolis, Minn., Burgess Publishing Com 
pany, 1958. 340 pp., diagrs., tables. $7.50 

One of the major objectives of this essay is to 
lay the foundations of a point of view in phy sies 
upon which the empirical data of quantum me- 
chanics may be comprehended in terms of the 


gross operations on, and gross configurations of, 
physical apparatus A new mathematical tool, 
called the scale coordinate, is employed for pur- 


poses of computing the ordinal and cardinal rela- 
tionships among properly dimensionalized physi- 
cal entities 

The author is Professor of Physics and Head 
Department of Physics, University of South 
Dakota 


SPACE TRAVEL 


Satellites and Space Flight. Eric Burgess 
New York, The Macmillan Company, 1957 
159 pp., illus., diagrs., tables. $3.95 

Presentation of ‘a scientific account of the 
development of earth satellites, including de- 
tails on construction, instrumentation, launch- 
ing procedure, transmission of data, and flight 
orbit. Proceeding from the satellite to the or- 
ganization of a spaceflight program, attention is 
given to the physiological and psychological 
problems concerned with manned rockets and the 
establishment of a manned station in space 
Expeditions to the moon and the planets are also 
examined 

The author is a Fellow and a past Chairman 
of the British Interplanetary Society. 

Space Flight and Satellite Vehicles. R. B 
Beard and A. C. Rotherham. New York, Pit- 
man Publishing Corporation, 1958 150 pp 
illus., diagrs. $3.95 

This book surveys the present stage of de- 
velopment and assesses future trends in inter 
planetary flight It is written with the object of 
giving the reader who has a real interest in the 
subject and who has some basic scientific knowl 
edge an appreciation of the principles involved 
and of the problems to be overcome. The au 
thors, both of whom are members of the British In- 


(Continued on page 121) 


é tice 

in 

va 

an 

pel 

Ae 

sit 

he 

de 

ch 

en 

m¢ 

wi 

co 

he 

D 

St 

Fe 

P< 

pe 

de 

gi 

sy 

at 

m 

t 

pl 

su 

si 

de 

al 

at 

d 

f 

Cc 

Cc 

s 

i 

i 

e 


Personnel Opportunities 


This section is for the use of individual members of the Institute seeking new connections and eli- 
& ible organizations offering employment to Aeronautical specialists. Any member or eligible 

organization may have requirements listed without charge by writing to the Secretary of the Institute. 


Wanted 


Assistant Professor and Instructor in Aeronau- 
tical Engineering—Positions are open for teach- 
ing and research in several subjects. An ad- 
vanced degree is required for the rank of Assist- 
ant Professor. Send résumé of education, ex- 
perience, and field of interest to Chairman, 
Aeronautical Engineering Department, Univer- 
sity of Kansas, Lawrence, Kan 


Engineers—Needed for expanding program of 
helicopter development Airframe and controls 
designers, helicopter experience desirable; me 
chanical designers, helicopter transmission or 
engine transmission experience desirable: instru- 
mentation and electronics engineers, particularly 
with experience in automatic stabilization and 
control of droned aircraft. Also test pilots with 
helicopter test experience. Write to: Personnel 
ge mor Gyrodyne Company of America, Inc., 

. James, Long Island, N.Y 


Engineers—Fairchild Engine Division of the 
Fairchild Engine and Airplane Corporation, Deer 
Park, Long Island, N.Y Diversified engineering 
positions are available involving engine research, 
design, design and performance analysis, test-en- 
gineering, compressor and turbine design, controls 
systems, and other engineering operations associ- 
ated with the general field of design and develop- 
ment of gas turbine power plants. These oppor- 
tunities result from expanded programs in a new 
plant and Gas Turbine Laboratory. Send ré- 
sumé to: Felix Gardner, oe Engine Divi- 
sion, Deer Park, Long Island, N.Y. 


Senior Structures caiisaee -With advanced 
degrees and experience are required for structural 
analysis, structural design, design of high-temper- 
ature structures, flutter, aeroelastic effects, and 
dynamics. Supervisory positions available. For 
further information write Staff Placement, Aero 
nutronic Systems, Inc., 1234 Air Way, Glendale, 
Calif. 


849. Assistant or Associate Professor 
Needed September 1, 1958, to teach aeronautical 
courses—aerodynamics, airplane structures, de- 
sign, laboratory. Must have a Master’s degree 
in aeronautical engineering and preferably teach- 
ing and industrial experience. State education, 
experience, references, and salary expected. 


847. Designers—-We presently need approxi- 
mately ten high-caliber designers with extensive 
electronic experience (7-10 years). They should 
be adept at packaging, chassis, and printed circuit 
work. They should have the ability to take a 
schematic and from it know how components 
should be placed on the chassis or printed circuit 
board. 


Available 


855. Engineer—B.S.in Ae. E.and M. E. One 
years’ experience as analytical engineer in perfor- 
mance analysis of jet engines and gas turbines and 
1 year’s experience in mechanical design of ma- 
chines. Résumé furnished on request. 


854. Engineer—Executive—Age 40, B.S.M.E., 
Purdue and Stanford Universities. Twelve 
year’s experience in aeronautical research, devel- 
opment, and test; 6 years’ experience in engi- 
neering sales and general industrial engineering; 
licensed. Four years of foreign work, Europe 
and Latin America, as engineer in Diplomatic 
Service; speaks French, Spanish, Italian. Rela- 
tively recently with research and engineering, 
Office of Secretary Defense, Pentagon. Last 
position Assistant to Vice-President, Foreign 
Operations, top engineering-construction organi- 
zation. Former officer Marine Corps Aviation; 
licensed pilot. Top level contact work past 10 
years. Available for foreign or domestic assign- 
ment any location and any amount of travel; 
married, no children. Interested particularly in 
engineering sales and/or management in position 
Paying upwards of $18,000. Will send complete 
résumé on request. 


853. Aeronautical Engineer—Age 33; 16 
years’ aviation experience. B. S. Aero. Pres- 
ently production engineer on gas turbine aircraft 


The number preceding the notice 
represents the Box Number of the 
Institute of the Aeronautical Sciences 


to which inquiries should be addressed. 


engines. Desires shift to missile propulsion, 
static or flight testing. Résumé on request. 


852. Aerodynamics Engineer—Aircraft, mis- 
sile and propulsion fields. Available for part- 
time consulting in New York area. Twelve years’ 
experience in subsonic and supersonic aircraft de- 
sign, ram-jet and turbo-jet performance and re- 
search. Interested in active engineering, tech- 
nical editing or technical adviser in research 
and/or development investment for domestic and 
European companies, in the areas outlined above 
Résumé of educational, industrial and research 
experience, and accomplishments available on re- 
quest. 


851. Engineer—B.S.in M.E. Eleven years’ 
experience as stress, design, and project engineer 
on rotary wing aircraft; 12 years’ experience as 
stress and test engineer on fixed-wing aircraft. 
Desires position on East Coast where experience 
would be useful on varied assignments in air- 
craft or missile field with greater responsibility. 
Résumé furnished on request. 


850. Engineering Management—B.M.E., Age 
39. Sixteen years’ engineering experience in the 
aircraft and allied industries. Last 6 years in 
supervisory capacity planning, organizing, and 
directing guided-missile and piloted aircraft elec- 
tromechanical systems development programs; 
1 year in electromechanical design; 7 years in 
flight research; 2 years in stress analysis. Cur- 
rent assignment as assistant section head of re- 
search, development, and technical proposals 
section for electromechanical subsystem manu- 
facturer. Current salary over $13,000 per an- 
num. Desires position with greater management 
responsibility. Location either coast. Résumé 
furnished on request. 


846. Representative—For the business con- 
cern which requires a competent representative 
for the United States and/or overseas; emphasis 
on sales and sales development for a tangible or 
intangible. Candidate contemplates a change 
and offers these assets: now in tenth year suc- 
cessfully selling a confidential business service to 
top management. A graduate mechanical and 
aeronautical engineer with 20 years’ engineering 
background in sales, preliminary design, flight 
test, teaching, etc., and patents (aviation gas 
turbines). Member, A.A.F. special mission, 
World War II—aeronautical technical intelli- 
gence. Also, can read, write, and speak German, 
French, Russian, fluently. Extensive travel 
abroad and in United States has made him 
familiar with the idiosyncrasies and ideologies of 
your prospective customers in Europe, Near East, 
and Africa. Effective speaker-lecturer. Mature 
(50), married, excellent health. Prefers salary 
plus commission. Please send an outline of your 
offer and suggested date for personal interview. 


845. Teacher-Administrator—B.S. in A.E. 
and M.S. in M.E., 10 years’ experience in teach- 
ing, 10 years in aerodynainic research, experi- 
enced in industrial personnel and management 
training activities, presently engaged in a writing 
project, desires a teaching or teaching-and-admin- 
istrative position in a college or university begin- 
ning with the fall term 1958. Location in the 
south or southwest desired. Opportunities to 


challenge and advise students are of greater im- 
portance than academic rank or salary. 


Books (Continued from page 120) 


terplanetary Society, consider public acceptance 
of the feasibility of astronautics essential to its 
future development 


THERMODYNAMICS 


Thermodynamics of Heat Power. Virgil 
Moring Faires. New York, The Macmillan Com- 


pany, 1958. 432 pp., illus., diagrs., tables. 
$8.00. 
Adopting the modern concept of thermo- 


dynamics as a logical and unified discipline, this 
book places its major emphasis on the develop 
ment and application of theory, especially as 
applied to steady flow systems. The work also 
contains descriptive material aimed at students 
other than mechanical engineering majors, and 
each chapter is accompanied by a set of problems 
to which answers are supplied 

The author is Professor of Mechanical Engi- 
neering, North Carolina State College. 
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THE IAS LIBRARY 


the | 
sections 
are maintained by the Library for 


| use by the IAS Membership. They 


Publications treated in 
“Aeronautical Reviews” 


are not for sale but are made avail- | 
able through the facilities of the | 

Library. 


Institute 

Individual and | 
Corporate, may borrow periodicals, | 
| reports, and books for a period of | 
| 2 weeks, excluding time in transit. | 
| Excepted are certain reference books | 
| and those IAS publications that | 
| may be purchased. 
| 


LENDING SERVICES: 
| members, both 
| 
| 


PxHotocopy Services: The Li- 
| brary is equipped to provide, as 
| a service, positive photocopies of 
| certain materials in its collections. 
| Rates on request. 


| For detailed information about 
these and other services, write to: 


| John J. Glennon, Librarian 
| Institute of the 

| Aeronautical Sciences, Inc. 
| 2 East 64th Street 

| New York 21, New York 
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ENGINEERS 


My Present “CP”= 


“CP” VALUES; to test your “CP,” circle the value you’d give each 
symbol below, substitute, AND SOLVE. (Top value obtainable, 99.5) 


KCP'=EA+2 [F+ +M] 


Ability to Take Responsibility 


"CP" VALUES LOW HIGH 
Encouragement to Exercise Initiative 
2 5 

& Creative Imagination 
Assignment (Nature of)—from Routine 5 8 
to Very Challenging 
Field— Conventional Product to Area 

rr] where Technical Breakthroughs Ex- 2 5 
pected 
Modern Facilities—from Limited to 
Extensive Equipment for Testing and 2 5 
Research 
Recognition of Individual Contributions 2 5 
— Chief Reason for Advancement 
Salary —from Unsatisfactory to Excel- 5 8 
lent for Level of Work 
Benefits —from Limited to Best in In- 
dustry, including Encouragement to 2 7 
Join Professional Societies; Liberal 
Support for Graduate Study 
Increases— Primarily by Seniority 2 5 
Rather than Merit. 

Your Individual Skill, Creativeness and | 


Please send your resume to 
Mr. George Hickman, Engineering Employment Manager 


AVIATION 


FARMINGDALE, LONG ISLAND, NEW YORK 


How Do You Evaluate 
the Career Potential (““CP” 
of a Position 


If your solution is 85 or less, it will be 
worth your while to inquire about the new 
opportunities in research and development 
now open at Republic Aviation. 


These are specialist positions — requiring 
men of high calibre and a strong background 
of experience for advanced work on super- 
sonic and upper atmosphere projects in air- 
craft, missiles and space vehicles. 


The Department Head in your field will | 
personally study your resume. If he feels © 


there is an opening here which will engage 
your interest and fit your qualifications, he 
will arrange for an interview. And provide 
you with specific information—with which to 
evaluate your Career Potential at Republic. 


CURRENT OPENINGS FOR SPECIALISTS 


(With.5 to 10 years experience) 
Engineers, AE, ME, EE; Physicists; 
Mathematicians, BS, MS, PhD to work in: 
Operations Analysis: Guidance Systems (IN) 
Reconnaissance Systems (Optics, IR) 
Heat Transfer +» Air Load Requirements 
Aerodynamics Development: Propulsion 
Equipment «+ Engine Air-iniet and Exhaust 


Air Conditicning & Auxiliary Equipment | 


ENGINEERS WHO JOIN REPUBLIC ENJOY THE PLUS VALUE OF LIVING AND WORKING ON LONG ISLAND, FAVORITE PLAYGROUND OF THE EAST COAST 
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